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PREFACE 


this  report  is  submitted  In  fulfillment  of  items  2  and  3  of  Contract 
AF19{52€5  6085  monitored  for  APCkL  by  Frank  Marcos.  It  presents  s  set  of 
tables  consisting  of  an  extension  of  the  U.S.  Standard  Atmosphere  In  the 
altitude  region  of  90  to  120  km  for  which  region  tables  had  originally  been 
published  only  as  a  function  of  integral  multiples  of  one  geometric  kilometer. 
Dm  tables  in  this  report  are  presented  as  a  function  of  Integral  multiples 
of  one  standard  geopotential  kilometer  and  includes  a  discussion  of  the  various 
equatl r*r«  and  constants  involved. 

This  report  also  Includes  the  development  of  a  simplified  function  for 
accurately  relating  geopotential  and  geoswtric  altitude. 
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ABSTRACT 


The  "United  States  Standard  Atmosphere,  1962",  was  published  with  two  kinds 
of  metric-unit  tables  for  the  altitude  Interval  from  -50C0  to  90,000  meters.  One 
kind  of  table  presented  the  atmospheric  properties  as  a  function  of  integral 
multiples  of  particular  numbers  of  geopotential  meters  while  the  second  presented 
the  atmospheric  properties  as  a  function  of  Integral  multiples  of  sisdLler  numbers 
of  geometric  meters.  For  the  region  above  90,000  meters,  altitude  only  one  type 
of  metric  table  was  published.  This  type  presented  atmospheric  properties  in 
integral  multiples  of  particular  numbers  of  geometric  meters.  A  similar  situa¬ 
tion  prevailed  for  the  Engliah-unit  tables.  The  need  for  both  metric-unit  *ud 
Englleh-unit  tables  as  a  function  of  Integral  multiples  of  specific  numbers  of 
geopotential  meters  for  altitudes  above  90  kilometers  has  prompted  a  new  set  of 
calculations,  which  required  the  use  of  equations  not  specifically  presented  in 
the  United  States  Standard  Atmosphere,  1962.  The  development  of  these  equations 
is  discussed  and  the  value  of  all  constants  employed  ere  given.  The  calculations 
Involve  a  transformation  between  geopotential  and  geometric  altitude,  and  the 
development  of  an  empirical  analytical  expression  relating  these  quantities  is 
presented.  This  empirical  function  yields  results  which  differ  by  less  than  0.1 
mater  at  700  km  altitude,  from  those  computed  in  an  unspecified  manner  for  the 
United  States  Standard  Atmosphere,  1962. 
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SECTION  I 


PRESSURE  AND  DENSITY  EQUATIONS  FOR  TEMPERATURE-ALTITUDE  PROFILES 
LINEAR  WITH  RESPECT  TO  GEOMETRIC  ALTITUDE 


Above  90  km,  the  pressure-altitude  profile  of  the  U.S.  Standard  Atmosphere, 
1962(Ref.  1)  is  defined  in  terms  of  a  segmented  temperature-altitude  profile 
for  which  each  segment  is  linear  in  terms  of  geoemtric  altitude,  i.e.„ 

+L(Z-Zr)  (1) 


where 

is  the  molecular  scale  temperature  at  altitude  Z 

T,  is  the  reference  molecular  scale  temperature  at  reference  altitude  Z 
r  r 

is  the  base  of  any  layer  char ac ter iaed  by  a  single  constant  value  of  L 
L  is  the  gradient  of  1^  with  respect  to  Z,  i.e.,  dt^/dZ. 

This  condition  is  in  contrast  to  that  below  90  km  where  the  segmented 
teaperature-altitude  profile  has  segments  which  are  linear  in  terms  of  goo- 
potential  i.e., 

Tj,  -  1^  +  L'  (H-Hf)  (2) 


where 


is  the  molecular  scale  temperature  at  geopotential  K 
T^.  is  the  molecular  scale  temperature  at  geopotential  H 


is  the  base  of  any  layer  characterised  by  a  single  constant  value  of  L 
L'  is  the  gradient  of  T^  with  respect  to  H,  i.e.r  dT^/dH. 


Equation  1.2.10-0)  of  the  docuaent  of  the  U.S.  Standard  Atmosphere,  1*62 
is  suitable  for  calculating  pressures  associated  with  a  segmented  temperature- 
altitude  profile  having  segments  which  are  linear  with  respect  to  geopotaatlal , 
but  is  not  suitable  for  calculating  Standard- At  mo  sphere  pressures  above  *0  hn 
where  the  teaperature-altitude  profile  is  defined  to  have  segments  which  are 
linear  with  respect  to  geometric  altitude.  For  the  region  above  90  hn  the 
Standard-Atmosphere  document  does  not  contain  a  detailed  equation  for  calculating 
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pressure  or  density  but  presents  only  e  generel  integral  form,  jiot  suitable  for 
direct  numerical  evaluation.  The  equation  actually  used  for  calculating  the 
standard-atmosphere  pressures  for  Integral  geometric  altitudes  was  probably  a 
corrected  form  of  one  of  a  pair  of  equations  published  with  some  format  errors 
by  Champion  and  Minraer  in  1963 (hef.  2).  A  redevelopment  of  those  pressure- 
altitude  equations  and  a  related  density-altitude  equation  show  the  correct 
forms  to  be  as  follows: 
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where 

R  is  the  universal  gas  constant 

is  the  sea-level  value  of  the  molecular  weight 

p  is  the  pressure  at  altitude  Z 

Pr  is  the  pressure  at  reference  altitude  Zr 

p  is  the  density  at  altitude  Z 

Pr  is  the  density  at  reference  altitude  Af 

is  thr  coefficient  of  the  ith  term  of  Lambert's  gravitational  formula 
given  below 

6 

g(Z)  -  £  gi  Z1 

-  9.8066500-3.0854195  x  10~6Z  +  7.2539455  x  10‘13Z2 
-1.5167771  x  10’19Z3  +  2.9724620  x  10_26Z4 
-5.5905936  x  10*3V  +  1.0219762  x  10’39Z6  (6) 

At  one  point  in  the  derivation  of  the  above  equations  it  was  necessary  to  use 
the  following  interesting  transformation  in  order  to  obtain  a  form  suitable 
for  integration  with  respect  to  Z: 

K  +  AZ  4  BA2  +  CZ3  +  PZ4  +  12*  ♦  FZ6  _ 
a+Z 

-~r  [K  -  Aa  +  Ba2  -  Ca3  +  Da4  -  la5  ♦  Fa6]  ♦ 

•rl 

Z  [A  -  Ba  ♦  Ca2  -  Da3  +  Ea4  -  Fa5]  ♦ 

2  2  3  4 

Z  [B  -  Ca  -f  Da  -  la  ♦  Fa  ]  ♦ 

Z3  [C  -  Da  ♦  la2  -  Fa3]  ♦ 

Z4  [0  -  la  ♦  Fa2]  ♦ 

Z5  [I  -  Fa]  ♦ 

Z6  [F] 
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Ihc  pressure  equation  actually  programed  in  the  digital  machine  calculation 
for  tables  presented  in  this  report  was  Equation  (4)  of  this  document.  The 
density  was  then  confuted  from  the  gas  law 


P  M 

o 

^iR 


(8) 


using  the  values  of  millibar  pressure  computed  .from  Equation  (4)  (multiplied 
by  100  to  transform  millibars  to  newtons  per  m*)  and  the  values  of  temperature 
computed  from  Equation  (1). 


Constants  and  Boundary  Conditions 


The  constants  used  in  the  calculation  of  che  thermodynamic  properties  are 
those  defined  in  the  standard  atmosphere: 

R  «  8.31432  *  103  Joules  ^K)'1  (kilomole)'1 ,  and 

N  ■  28.9846  kg  (kilomole)  l, 

c 


such  that 


M 

~  -  3.483676  x  103  eec2  m"2. 

The  values  of  end  pr  in  the  program  are  redefined  for  the  base  of  each 
layer  in  accordance  with  the  values  tabulated  in  the  Standard~Atmosphere 
publication. 


itric  Altituda 

Taaperature 

Temperature  Gradient 

Pressure 

Msters 

Degress  K 

deg  K/m 

Millibars 

90,000 

180.65 

0.003 

1.6438  x  10”3 

100,000 

210.65 

0.005 

3.0075  x  10"4 

110,000 

260.65 

0.010 

7.3544  x  10"5 

120,000 

360.65 

0.020 

2.5217  x  10'5 

I 


The  coefficients  of  Laabert's  equation  for  the  acceleration  of  gravity  are 
giver,  in  Equaeion  (6). 

The  thernodynaaic  properties  calculated  in  English  units  follow  the 
defined  conversions: 

1  foot  »  0.3048  asters, 

1  pound  »  0.4S359237  kilograa, 

1  Csicius  degree  *  1.8  Rankin  degrees 

a  temperature  of  0  degree  Celsius  •  a  teaperature  of  273.15°K. 
Proa  the  above  definitions  the  following  derived  relationships  apply: 


1  aeter  -  3.2808399  feet, 

1  kg  a"3  -  6.242797  x  10"2 


lbs  ft"3. 


\ 
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SECTION  II 


GEOPOfgNTIAL  TO  GEOMETRIC  ALTITUDE  CONVERSION 


The  abov*- defined  cor^tet.ta  are  sufficient  to  compute  the  Standard- 
Atmosphere  values  of  pressure  temperature  and  density  as  a  function  of  geo- 
meric  altitude  between  90  ard  150  geometric  kilometers  or  between  295469.47 
and  492125.98  geometric  reet.  The  corputation  of  these  thermodynamic  proper¬ 
ties  as  a  function  of  gaopotuntial  altitudes  in  a  manner  compatible  with  the 
relationships  of  the  U.S.  Stardvrd- Atmosphere  is  a  far  more  complicated 
problem,  since  the  expressions  "sed  in  this  transformation  in  the  standard 
atmosphere  were  never  published  in  the  Standard-Atmosphere  document.  In  the 
absence  of  these  expressions,  a  simple  empirical  correction  term  has  been 
developed  for  use  with  ths  previously  used  simple  expression  for  converting 
geo potential  to  geometric  altitude.  Thua,  while  the  expression  used  by  Mlnxner 
and  Ripley  in  1956  (Ref.  3)  la 


the  revised  expression  is 


r  [H  +  F(H)  3  £o 
L  r  -  [H  +  F(H) ]  G 


(10) 


where  F(H)  -  AA  +  ABH  +  ACH2  +  ADH2  +  ADH3  +  AEH4  (11) 

where  AA  -  0.0000 

AS  -  -0.2161710 
AC  «  +0.  1807561 
AD  »  +0.9153C12 
AE  -  +0.2006785 

and  where 

%JG  is  numerically  but  not  dimensionally  unity. 


It  is  estimated  that  the  differences  between  the  values  of  Z  for  a  given 
value  of  H  as  computed  by  Equation  (11)  and  the  values  of  7  fer  a  glvan  value 
of  H.  as  computed  by  the  methods  used  in  the  Standard-Atmosphere  dc  not  exceed 
0.2  meter  over  the  entire  al^tude  region  of  0  to  700  kilometers.  The  develop¬ 
ment  of  Equations  (10)  end  (11)  end  expressions  satisfying  the  Inverse  of  the 
relationship  of  Equation  (10)  ia  glvan  in  Appendix  A. 


7 


SECTION  III 


CALCULATION  OF  THE  TABLES 


Equations  (10)  and  (11)  plus  the  previously  discussed  expressions* 

Equations  (1),  (4)*  (6)*  and  (3)  permit  the  computation  of  the  desired  extra* 
aions  to  the  Standard-Atmosphere  Tables ,  presented  as  Table  1  in  metric  units 
ana  as  Table  2  in  English  units.  Successive  Integral  isultiples  of  1000  geo* 
potential  meters  ranging  frnc  90*000  to  120*000  are  arbitrarily  selected  as 
values  of  H  for  the  metric  tables*  lnc*3  values  are  converted  to  the  related 
values  uf  Z  through  Equations  (10)  and  (11).  The  resulting  values  of  Z  ah ra 
introduced  into  Equation  (4),  into  which  the  coefficients  of  Equation  (6)  have 
already  been  introduced,  yield  the  values  of  pressure  at  eltltude  Z.  The  tem¬ 
perature*  which  are  implicitly  calculated  in  Equation  (4)  are  independently 
calculated  as  a  function  of  Z  using  Equation  (1).  The  pressures  and  teqperaturas 
at  a  given  value  of  Z  then  yield  densities  for  that  altitude  through  Equation  (8). 

In  the  case  of  the  table  presented  in  English  units  successive  integral 
multiples  of  5000  geopotential  feet  ere  selected*  in  the  range  295*000  to  390*000* 
ar.d  are  converged  to  gecpotential  meters.  The  procedure  then  follows  that  used 
for  che  metric  cables  except  that  the  temperature*  taaperature  gradient*  and 
density  are  c-n verted  to  the  appropriate  value  lit  English  units.  Ihe  pressure 
is  retained  in  millibars  which  is  s  metric-related  unit.  In  addition*  tem¬ 
perature  is  also  calculated  in  degrees  Celsius. 

The  shove  procedures  have  been  specified  in  a  fortran  program  presented 
in  Appendix  B. 
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V 


TABLE  1 


uEOPT 

GEOMETRIC 

TEMP 

MOLEC 

PRESSURE 

DENSITY 

ALTITUDE 

ALTITUDE 

GRAD 

SCALE 

TEMP 

GEOPCTEN 

GEOMETRIC 

DEG  K 

METERS 

METERS 

PER  M 

DEG  K 

MB 

KG/CU  M 

mil*) 

90000*00 

•  009 

180.65 

• 16438E-02 

*3170E-05 

90000 *00 

91292*75 

•009 

184.53 

•12993E-02 

•2453E-05 

91000*00 

92921*99 

•  009 

187.62 

•10814E-02 

•2007E-05 

92000 .00 

99991*24 

•  009 

190*70 

•90272E-03 

.1649E-05 

99000*00 

94991*09 

•  009 

193*79 

•75574E-03 

.1358E-05 

09000*00 

99411*12 

•  003 

196*88 

•6344SE-03 

•1122E-05 

99000*00 

94441*59 

•009 

199.97 

•53413E-03 

•9304E-06 

99000*00 

99509*95 

•009 

206.16 

•38151E-Q3 

•6446E-06 

90000*00 

97472*29 

•  003 

203*07 

•45083E-03 

•7734E-06 

90000*00 

99594*75 

•  003 

209*25 

•32364E-03 

•5388E~06 

99000*00 

100544*49 

•  005 

213*48 

•27529E-03 

•4492E-06 

100000*00 

101598*54 

•  005 

218*64 

•23502E-03 

•3744E-06 

101000*00 

102490*95 

•  005 

223*80 

•20139E-03 

.3134E-06 

102000*00 

109449*48 

.005 

228*97 

• 17318E-03 

•2634E-06 

109000*00 

104494*72 

•  005 

294.13 

•14942E-03 

•2223E-06 

104000*00 

105790*11 

•  005 

239*30 

• 12934E-03 

•1882E-06 

109000*00 

104749*89 

•  005 

244*47 

•11230E-03 

•1600E-06 

104000*00 

107797*87 

•  005 

249*64 

•97802E-04 

• 1 364E-06 

107000*00 

100892*25 

•  005 

254*61 

•85413E-04 

• 1 167E-06 

109000*00 

109944*94 

•  005 

259*98 

•74796E-04 

• 1002E-06 

109000*00 

110901*99 

•  010 

269*47 

•65732E-04 

.8491E-07 

110000*00 

111997*94 

•  010 

280*02 

•58048E-04 

•7221E-07 

111000*00 

112979*04 

•  010 

290*38 

•51494E-04 

.6177E-C7 

112000*00 

114009*10 

•  010 

300*74 

•45873E-04 

.5313E-07 

119000*00 

115045*44 

•  010 

311*10 

•41025E-04 

.4593E-07 

114000*00 

114082*14 

•  010 

321*47 

•36824E-04 

.3990E-07 

119000*00 

117119*19 

•  010 

331*84 

•33167E-04 

.3481E-07 

114000*00 

118154*54 

•  010 

342*22 

•29970E-04 

•3050E-07 

117000*00 

119194*25 

.010 

352*59 

•27163E-04 

•2683E-07 

114000*00 

120292*27 

•  020 

365*30 

•24691E-04 

•23S4E-07 

119000*00 

121270*49 

•  020 

386*04 

•22544E-04 

•2034E-07 

120000*00 

122909*99 

•  020 

404*84 

•20682E-04 

•1771E-07 
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TABLE  2 


GEOPT 

ALTITUDE 

GEOMETRIC 

altitude 

TEMP 

GRAD 

molec 

scale 

TEMP 

MOLEC 

SCALc 

TEMP 

PRESSURE 

OEMS I TV 

GEOPOT EN 
FEET 

GEOMETRIC 

FEET 

DEG  R 
PER  FT 

0EG  R 

OEG  C 

m  . 

L8/GU  FT 

291152.56 

295000.00 

300000.00 

305000.00 

310000.00 

315000.00 

320000.00 

295275.59 

299233.35 
304379.14 
309527.43 
314678.23 
319831.54 

324987.36 

•0016459 

•0016459 

.0016459 

.0016459 

•0016459 

•0016459 

•0016459 

325.17 

331.68 

340.15 

348.63 

357.11 

363.59 

374.07 

-92.58 
-88.87 
-84.17 
-79.46 
-74.73 
-70.04 
-63.32 . 

•164381-02 
•13199E-02 
•99 84 it -03 
.768568-83 
•38315E-85 
•44992E-03 
•34920E-03 

•  1978E-06 

liSjhj 

•oUS^OT 

.48178-07 

.5456E-07 

325000.00 
330000.00 
335000.00 
340000 .00 
345000.00 
350000.00 

330145.68 

335306.54 

340469.89 

345635.77 

350804.18 

355975.08 

•0027432 

.0027432 

•0027432 

•0027432 

•0027432 

.0027432 

384.63 

398.96 

413.15 

427.32 

441.50 

455.66 

-39.35 

-51.46 

-43.61 

-35.74 

-27.86 

-19.98 

•272662-03 
•21466C-03 
•1704 IE-03 
.136151-03 
•10988E-03 
•69169E-04 

.2773E-07 

•2286E-07 

.16168-07 

.12498-07 

.97438-08 

•T660E-08 

355000.00 

360000.00 

365000.00 

370000.00 

375000.00 

380000.00 

385000.00 

361148.53 
366324.49 
371502.96 
376684.00 

381867.53 
387053.65 
392242.27 

•0154864 
•0154864 
•0154664 
.0 154864 
.0154864 
•0154864 
.0154864 

470.56 

498.97 

327.38 

355.81 

584.25 

612.70 

641.17 

-11.71 

4.06 

19.64 

35.63 

51.43 

67.24 

63.05 

.7262 IE— 04 
•680178-0* 
•499998-84 
•42051E-04 
•35674C-04 
•30582C -84 
•262678—04 

•68578-08 

.47888-08 

•S711E-08 

•2861C-08 

•23988-98 

•19488-08 

•888K-08 

390000.00 

397433.41 

•0109728 

698.13 

110.25 

•22882E-04 

•12938-08 

295275.39  GEOMETRIC  FEET  •  90000.00  GEOMETRIC  METERS 


APPENDIX  A 


DEVELOPMENT  OF  AN  EMPIRICAL  FUNCTION  RELATING  THE 
NUMERICAL  VALUES  OF  GEOPOTENTIAL  AND  GEOMETRIC  ALTITUDE 
AS  PUBLISHED  IN  THE  UNITED  STATES  STANDARD  ATMOSPHERE 


A- 1  COMPARISON  OF  DIFFERENT  SETS  OF  CALCULATIONS  OP  GEOPOTENTIAI 


by 


Geopotential  in  the  1956  ARDC  Model  Atmosphere  (Ref.  A-l)  vs#  calculated 
the  expression 


H 


56 


CA-l) 


where  r  ■  6,350,766  meters,  and  where  H5g  is  used  to  differentiate  the  results 
of  this  particular  calculation  of  geopotential  from  the  values  tabulated  in 
U.S.  Standard  Atmosphere,  for  which  values  the  designation  is  H^. 

In  the  1962  U.S.  Standard  Atmosphere  (Ref.  A-2),  ^©potential  At  any 
altitude  Z  was  computed  by  the  integration  of  a  complicated  gravity 'acceler¬ 
ation  expression  along  a  path  identical  to  the  curved  line  of  gravitational 
force  passing  through  the  point  in  question  (where  the  point  in  question  uns 
defined  relative  to  geometric  latitude  end  relative  to  the  distance  from  the 
center  of  an  ellipsoid  rather  than  relative  to  sea  level)  such  that  for  each 
successive  altitude,  the  integration  must  be  performed  along  a  different  linn 
of  force.  No  specific  equation  suitable  for  direct  numerical  evaluation  of 
H&2  a*  a  function  of  Z  was  given  in  the  standard -atmosphere  document,  nor  has 
one  been  developed  by  the  miter  from  the  fundaaiental  considerations  which 
were  given.  Instead,  a  simple  approximation  formula  in  the  nature  of  Equation 
(A-l)  with  a  correction  term  was  developed;  i.e., 


H62/8  -  &  •  r  -  '«>  <*-2' 

where  Hb2/g  represents  the  eight-significant-figure  values  which  when  rounded 
lead  to  H^2/g<  the  values  of  geopotential  published  in  the  Standard  Atmosphere. 

A  comparison  of  the  tabulated  slx-signlficant-figure  valuta  (above 
100,000  m)  of  H62  with  the  elght-signlficant-figure  values  of  Hjg  as 

obtained  from  Equation  (A-l)  suggest  the  following  observations: 

(1)  The  tabulated  values  of  H^  always  lass  than  tha  corres¬ 
ponding  value  of  H5£/3  for  altitudes  greater  than  sea  level. 

(2)  The  tabulated  values  of  H^  *re  rounded  from  original  seven- 
or  elght-signlficant-figure  values.  (These  rounded  values  will  henceforth 
be  designated  as  H^/g)- 

(3)  The  values  of  H&2/0  which  have  been  rounded  to  Ng2/R  WOtt^ 
moat  likely  differ  from  Hjg/g  in  accordance  with  f(Z),  some  smooth  monoton¬ 
ies  lly  increasing  function  of  Z,  which  function  has  a  value  of  aero  at  sea 
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level  and  a  rain*  of  about  33  geopotential  aeters  (a')  at  the  geoaetrlc 
altitude  Z  of  700  ka;  i.e., 

*<*>  *  H56/8  "  *62/8  <A‘3> 

Thus,  a  eum  fit  to  the  difference  between  Hyt/g  h$2/8  (if  theae 
ware  available)  would  provide  the  deal red  function  f(Z),  and  the  deaired 
approximation  expression  for  calculating  *$2/8  *•  in  Equation  (A- 2)  would 
have  been  determined.  Unfortunately,  value*  of  Hg2/8  *r®  noC  available,  and 
an  Indirect  approach  amt  be  pursued. 

A-2  AM  AffMdfiR  TQM  C—tttMW  f  <Z) 

An  fcpgfnary  eat  of  eight-significant -figure  values  of  Hx2  is  hypothesised. 
If  the  hypothetical  aunarical  values  of  Hg2/8  were  coopered  with  Z  in  the 
region  of  ana  level  and  iaaediately  above,  one  would  find  that  at  Z  ■  0, 

1*2/0  •  8,  and  as  Z  increases  shove  zero,  Hg2/8  would  also  Increase  but  at  a 
lesser  rate  than  Z,  so  that  at  Z  •  *0.4999»  ich  i*  the  syebol  for  a  specific 
altitude  located  Somewhere  between  Z  »  1/50  and  Z  »  1800  eaters,  the  value  of 
1^2/0  would  lag  behind  that  of  Z  by  exactly  0.4999  of  a  meter.  At  Z  -  Zq.sooo 
which  is  the  symbol  for  an  altitude  ianedletely  ebove  Zg  4999,  the  value 
(Z-Igz/s)  would  become  0.5000.  Between  Z  ■  0  and  Z  ■  406q  m,  the  value  of 
(Z-|02/$)  would  Increase  smoothly  as  Z  increases  in  accordance  with  the  values 
presented  in  Table  A-l. 

The  exact  numerical  values  of  the  symbolic  altitudes  £0.4999*  Z«  S000> 
*14999*  ®tc*  •re  not  known,  but  from  the  U.8.  Standard  Atmosphere  19; 2  we 
may  infer  that  these  values  ere  bounded  within  particular  Unite  indicated 
in  Table  A-l.  Thus  Zo.4999  and  Zo.5000  have  values  between  1750  and  1800 
inters,  while  Z 1.4999  and  Z1.5QOO  would  be  found  between  the  altitudes  3050 
and  3100  aetara,*atc. 

Returning  nomantarlly  to  the  reality  of  the  U.S.  Standard  Atmosphere  1962, 
we  can  examine  the  difference  between  the  tabulated  Integral  values  of  geoantrlc 
altitude  Z*  and  the  rounded  values  of  gaopotential  altitude  H^/g  where  la 
increased  discontinuously  in  Integral  steps  of  one  meter  as  Z  increases,  with 
successive  discontinuities  occurring  between  Zq  4999  and  Zqjooq*  aiM*  *8**° 
between  Zi'4999  end  Zi.jqoo*  ®tc*  *■  indicated  in  Table  A-li^fhe  differences 
(Z-H02/g)  ®ra  *l«o  tabulated. 

Two  differences  given  in  Table  A-l  ere  shown  in  Figure  A-l  where  the 
hypothetical  quantity  (Z  •  H^/g)  It  shown  as  the  solid-line,  smooth-curve 
function,  sod  the  realistic  quantity  (Zj  -  892/1)  *hown  as  the  discontin¬ 
uous  function  represented  as  e  series  of  alternate  horizontal  end  vertical 
line  segments,  where  these  line  segments  connect  the  series  of  discrete  points 
derived  from  the  finite  number  of  tabulated  values.  A  graph  of  the  difference 
(Z  -  H50/9)  is  also  shown  ea  e  smooth,  dashed- line  curve  in  Figure  A-l  where 
*56/8  represent*  Che  eight -significant -figure  values  obtained  from  Equation 
A-l. 
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TABLE  A- l 


DIFFERENCES  (A  -  H^g)  and  ^  -  Kg2/R)  AS  A  FUNCTION  OF  ALTITUDE 


Numerical 
Altitude 
(meters)  * 

Symbolic 

Altitude 

Difference 

(2  -  H62/8> 

(meters) 

UffnwM 

<*1  -  «M/E> 
(ntw) 

0 

Z0 

0.0000 

0 

1750 

0 

Z0.4999 

0.4999 

0 

Z0.5000 

0.5000 

1 

1800 

l 

3050 

1 

Z1.4999 

1.4999 

1 

Z1.5000 

1.5000 

2 

3100 

2 

3950 

2 

Z2.4999 

2.4999 

2 

Z2.5000 

2.5000 

3 

4000 

3 
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Vlsww  A- 1  Difference*  Z  -  Z1  “  *^2/1  *nd  2  *  VB 


new*  A- 2  Difference  ^2/8  "  ®62/R  ya  *ltitud*- 


ft***  A- 3  Difference  -  ^2/I,  ea  veil  ae  f <Z),  f <*)  +  0.5  «, 

and  f(Z)  -  0.5  n  all  aa  a  function  of  aleieoda. 


Since  Z  -  H56/8  always  less  than  Z  -  H52/8*  it  is  apparent  that  Hjg/g  de¬ 
parts  from  Z  less  rapidly  than  does  Hg2/a>  and  the  difference  (Hjg/g  *  Hg2/g)  “ 
f(Z)  increases  from  zero  as  Z  increases  from  zero. 

If  the  graphs  of  Figure  A-l  were  extended  to  include  the  region  from  0  to 
90  kilometers  altitude,  the  graph  of  (Z4  -  H^/g)  would  show  1257  vertical 
line  segments  representing  the  earns  number  of  abrupt  discontlnmltles  while, 
if  extended  to  Include  the  region  from  90  to  700  kilosmters  altitude,  the 
graph  would  include  an  additional  68,  216  such  discontinuities.  la  these  easts 
two  altitude  Intervals  a  graph  (not  presented  in  Figure  A-l)  showing  the  differ¬ 
ence  between  Z  and  rounded  values  of  Hjg,  i.e.,  (Zt  -  H5*/R)  would  show  one 
less  and  33  less  discontinuities,  respectively,  then  would  be  seen  in  the 
extended  graph  of  Z4  -  H^/g- 

If  the  hypothetical  graph  (Z  -  Hg2/g)  end  the  realistic  graph  (Z4  -  Igg/g) 
are  compared,  we  find  that  at  the  particular  points  for  which  Z  is  an  integral 
multiple  of  one  meter,  Z  -  Z4  ■  0,  and  the  difference  l^/g  ~  *62/1^  varies 
between  40.5  and  about  -0.5  meter  in  accordance  with  the  graph  of  Figure  A-2. 

A  careful  examination  showa  that  the  limiting  differences  at  the  points  of 
discontinuity  are  separated  by  values  of  0.999  n  ,  0.999  n  ,  or  0.99  m', 
consistent  with  the  fixed  eight  significant  figures  In  Hgj/g  nd  the  varying 
number  in  H62/g  depending  upon  the  altitude  region.  It  Is  also  apparent  that 
these  discontinuities  are  symmetrical  about  the  horlsontel  axle. 

A  comparison  of  the  discontinuous  graph  (Z4  -  Hgo/g)  **»d  the  continuous 
graph  (Z  -  H56/3)  at  those  points  for  which  Z  has  an  integral  value  yields  a 
difference  (H56/8  *  H$2/r)  which  follows  the  pattern  of  Figure  A-3.  In  this 
figure,  the  discontinuities  occur  at  the  same  altitudes  as  for  Figure  A-2. 

The  limiting  differences  at  the  points  of  discontinuity  ere  the  sue  ee  for 
the  corresponding  discontinuity  of  Figure  A-2.  Contrary  to  the  situation  in 
Figure  A-2,  these  limiting  points  are  not  syamtrlcal  about  the  hsrlsomtal 
axis  but  ere  symmetrical  about  the  curved-line  function  f(Z)  whlci  is  the 
function  being  sought  for  use  in  Iquation  (A-2). 

Unfortunately,  the  number  of  values  of  H^/g  ln  **»•  0.8.  Standard  Atmos¬ 
phere  is  not  sufficient  so  that  s  graph  of  these  points  would  shoa  the  detail¬ 
ed  type  of  pattern  of  Figure  A-3:  there  are  only  420  values  of  for 

altitudes  between  90  to  700  km  compered  with  68216  regions  of  dls :omtiaelty 
for  that  same  range  of  altitudes.  Consequently,  any  tingle  value  (Ijg/g  “  H^/g) 
from  available  data  represents  but  a  single  point  on  a  section  of  grapft  which, 
on  the  average,  might  have  170  regions  of  discontinuity.  Obviously  the  detail¬ 
ed  step-function  graph  cannot  be  produced  from  the  available  data.  On  a  graph 
in  which  the  altitude  scale  has  been  sufficiently  compressed,  howuuar,  a  plot 
of  the  available  420  date  points  (above  90  km)  appears  as  a  bead  it  randomly 
scattered  points  in  tdtlch  ths  ex trams  ordinate  values  for  any  sltt|ls  veins 
of  abscises  may  never  exceed  e  difference  corresponding  to  cna  geipotentlal 
mater,  as  in  Figure  A-3.  Hopefully,  a  sufficient  number  of  data  joints 
lie  near  enough  to  the  two  extremes  to  permit  the  establishment  of  e  mood 
approximation  to  tha  locus  of  the  upper  end  lower  boundary  of  the  1-m7  band. 


17 


1 


8m  mooched  lower  bound  of  th*  envelop*  of  che  set  of  scattered  date 
(K«|/|  *,8j2/|)  represents  a  subset  of  values  which  are  never  more  than 
0.4819  t  Mew  the  desired  function  (R^jg  -  Hgj/g)  ■  f (Z) .  flnilarly,  the 
eneotlMd  upper  bound  of  the  envelope  of  t^e  scattered  data  represents  a  sat 
of  veleas  which  ere  never  aore  tnan  0.5  a  greater  than  the  desired  f  (Z). 
Thue,  if  0*4999  0.499  •' ,  or  0.49  ■'  Is  added  to  the  Individual  values  of 

the  difference  set  (H«g/g  *  H^/e)  >  each  In  the  appropriate  altitude  region, 
a  set  of  date  called  Source  Set  1  Is  f oread.  The  snoot hed  lower  bound  of  the 
vales*  of  Source  Sot  1  consist  of  a  raallar  sat  of  data  called  Subset  1.  The 
potato  of  Sehoot  1  will  hove  values  equal  to  or  very  slightly  greeter  then  the 
vetoes  of  cho  desired  function  f(Z)  at  ths  corresponding  altitudes. 

Stellar ly  if  0.5000  n'  is  subtracted  free  the  individual  values  of  the 
difference  set  0Ug/S  "  Bg2/l)>  t0  ^onB  Source  8et  2,  the  snoothed  upper  bound 
of  Chase  downwardly  adjusted  data  fora  a  sat  of  points  called  Subset  2.  These 
datd  points  of  Subset  2  will  have  values  equal  to  or  slightly  less  than  th* 
values  of  the  desired  function  f (Z) . 

Ths  points  of  Subset  1  and  Subset  2  are  than  subjected  to  e  further 
graphical  selection  to  fora  Sanothed  Subsets  1  and  2.  The  points  of  these 
Wnoothed  Subsets  1  and  2  era  than  coabined,  and  when  processed  In  e  curve- 
fitting  prograa  deteralo*  a  dose  approximation  to  the  desired  function  f(Z). 
The  wuaerlcal  and  graphical  processes  eaployed  depend  upon  the  asauaption  that 
the  function  f(Z)  as  well  as  Its  first  derivative  are  nonotonicelly  Increasing 
with  Z,  a  situation  which  la  apparently  true  for  the  upper  and  lower  bounds 
of  the  band  of  data  points. 

The  detailed  steps  of  the  process  are  as  follows: 

(1)  Prepare  Source  Set  1  by  performing  the  following  operation*  as 
appropriate: 

add  0.4999  to  (H^g  -  Hgj/g)  *°r  1.0000  ka  <  Z  <  9.9999  ka, 
add  0.499  to  for  10.000  ka  <  Z  <  99.999  ka, 

add  0.49  to  -  H^g)  for  100.00  ka  <  Z  <  999.99  ka, 

(2)  Proper*  Svbeet  1  ae  follows: 

(e)  Scan  the  entire  Source  get  1  for  the  sasllsst  positive  number 
(ell  of  the  numbers  of  this  set  will  be  positive),  and  store  this  value  with 
its  corresponding  value  of  Z  as  the  first  entry  of  Subset  1. 

(b)  t amove  this  value  end  those  for  lower  altitudes  from  Source 
Sot  1  end  discard. 

(c)  Seen  the  reaalning  ambers  of  Source  Set  1  for  the  lowest  value 
and  store  this  value  with  its  corresponding  value  of  Z  as  th*  2nd  entry  of 
Subset  1. 
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(d)  Remove  this  member  along  with  those  associated  vi'.h  lower  elt- 
titudes  from  Source  Set  1.  Repeat  steps  (c)  and  (d)  until  all  the  values  of 
Source  Set  1  have  been  removed,  and  Subset  1  has  been  developed.  If  there  are 
two  or  more  lowest  values  at  any  of  the  above  steps  store  only  that  one 
corresponding  to  the  greatest  altitude,  and  reject  the  others. 

(3)  Punch  and  print  the  stored  values  of  Subset  1.  This  is  presented 
as  colusm  5  DIF+IHC,  and  column  1  in  Table  A- 2  which  consists  of  an  ordered 
listing  of  the  appropriate  cards  extracted  from  Source  Set  l. 

(4)  Prepare  Source  Set  2  by  performing  the  follosing  operation  for  all 
altitudes  of  Interest: 

subtract  0.5000  from  (H56/g  -  H^/g) 

(5)  Prepare  Subset  2  as  follows: 

(a)  Scan  the  entire  Source  Set  2  for  negative  values,  which  will 
be  found  at  the  low-altitude  end  of  the  set,  removing  and  discarding  these 
aesd>ers  of  the  set. 

(b)  Scan  the  resuinder  of  Source  Set  2  for  the  largest  positive 
value  and  store  this  value  along  with  its  associated  altitude  value  as  the 
first  member  of  Subset  2. 

(c)  Remove  this  sms&er  from  Source  Set  2  along  with  all  members 
associated  with  greater  altitudes. 

(d)  Repeat  steps  (b)  and  (c)  until  all  mead>ers  of  Source  Set  2 
have  been  removed  and  Subset  2  has  been  developed.  If  there  are  :wo  or  more 
greatest  values  at  any  point  in  the  scanning  operation,  store  only  that  one 
associated  with  the  lowest  altitude  and  discard  the  others. 

(6)  Punch  and  print  the  stored  values  of  Subset  2.  This  is  presented 
as  colusm  6  DIF-0.5,  aud  column  1  in  Table  A-3  which  consists  of  an  ordered 
listing  of  the  appropriate  cards  extracted  from  Source  Set  2. 

(7)  Plot  the  data  points  of  Subset  1  on  large-scale  graphs  '.not  shown 
in  this  report)  for  further  data  selection.  The  suggested  scales  for  these 
graphs  are  Indicated  in  Table  A-4. 

(8)  Seloct  certain  points  of  Subset  1  which  appear  to  form  *  smooth 
monotonically  increasing  lower  bound  to  the  total  of  Subset  1  dat< .  These 
selected  points  comprise  Smooth  Subset  1  and  are  those  points  which  may  be 
connected  sequentially  with  straight-line  segments  meeting  the  following  two 
conditions: 

(e)  Eech  of  these  line  segments  lies  below  eil  those  pc  lots  in 
Subset  1  having  altitude  velues  within  the  el-itude  intervel  eacoepeesed  by 
the  perticuier  line  segment. 

(b)  The  successive  lias  segments  have  slopes  which  are  aonoton- 
leally  increasing  for  increasing  altitudes. 
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TABLE  A- 2 


\/Al;»cS  OF  SUBSET  1  Ae  A  FUNCTION  OF  OFOMFTRIC  ALTITUDE 
*•' I TH  THE  RELATED  VALUFS  OF  H62/R*  H66/8J 
AND  THF  DIFFERENCES  H56/8  -  H62/R 


(jFOMFT'?  IC 
ALTIT  *^E 

H62/R 

H56/6 

DIF 

H56-H62 

DIF+INC 

DIF-0.  5 

V.FTFRS 

gfopotential 

METERS 

GEOPOTENTIAL 

METERS 

GFOPT. 

METERS 

GEOPT. 

METERS 

GFOPT. 

METERS 

’1  '  ■. 

•  3.'B5CJOOF  :.  5  • 308495 57L 

C5 

-.4430 

.0560 

-.9430 

sevu?. 

.5 74 76 CODE  u5  .57475685E 

06 

-.4150 

.0640 

-.9150 

e?  '. 

.8  9  5  6  9  G  o  E  ..'5  .8G95570CE 

05 

-.3000 

•  1990 

-.8000 

96.0  '  • 

.9457200 JE  ^6  .94571 7 76E 

05 

-.2240 

.2750 

-.7240 

1  ' « 

.1  329400F  06  .103293C1E 

06 

-.1900 

.3000 

-.6900 

111.  "  '. 

•  1  ‘"'9095 ODE  06  •  109 0950 1C 

06 

.0100 

•  5  0  f'  0 

-.4900 

1 r  '  • 

•  1  7 6 9 8 3 ^,0 F  06  .1369831  IF 

06 

.1100 

.6  000 

-.3900 

1640'  ‘. 

.16081000F  ‘6  . 14081022E 

06 

.2200 

.7100 

-.2800 

1 4  6.0  .. 

•  14 1  766 JuF  ~6  •  14176626E 

06 

.260  C 

.7500 

-.2400 

I5?t.: 

•  I48450C0E  (;6  .14845032E 

06 

•  3  2  0  C 

.8100 

-•1800 

156.: 

.  1  52263 JOE  .15226332E 

06 

•  -<3  00 

.8200 

-.1700 

166.'.  •. 

•  161 7  7  5GOF  ..6  .16177542E 

06 

.4  200 

.9100 

-.0800 

173- ■  ;• 

.16341 600 E  v6  .16841652b 

06 

.6200 

1.0190 

.0200 

j7or«  ' . 

.  1740970CF  06  .17409759E 

06 

•  5900 

1.08  .'0 

.0900 

1  '  • 

•19 4 4850 OE  Lf>  •  1  8448532E 

06 

•  R  2  0  0 

1.3100 

.3200 

\  a  ?  ■ , 

•13637000E  C6  .18637085E 

06 

•  R50C 

1.3400 

.3500 

19?jc:. 

•187312 DUE  ifi  • 1 873 1 292£ 

06 

.9200 

1 .41  JO 

.4200 

20Q  .O.' 

•2: 23460GF  06  .20234716E 

06 

1 .1600 

1.6500 

.6600 

2 1 3  0  C 

•  2-  6o930viE  06  .20609428E 

06 

1.280C 

*  1.7700 

.78  00 

2240L  9. 

•2I6374O0E  06  .21637536E 

06 

1.3600 

1.8500 

•  8600 

22fi:.c  -  . 

.2201 04 OOF  w6  .22 J  10541b 

06 

1.4 ICO 

1.90 JO 

•  9100 

???:  ') '. 

•22476000E  06  .22476162E 

06 

1.6200 

2.1100 

1.1200 

77C  'r 

.230338O0E  ..6  .23033975E 

06 

1.750C 

2.2400 

1.2500 

763  . 

•234 J5  IOuF  vi6  .23405285F 

06 

I  .8600 

2.35CO 

1.3600 

25  7  ,  1  . 

.242389JC.F  16  .24239  J°4b 

06 

1  .940.' 

2  •  4  3  ''  0 

1.4400 

3o'-  ,t . 

.243314 OOF  06  .243316. v/E 

06 

2 . JoOu 

2.49 vO 

1.50C0 

2  ?  5  . 

•  2451630OF  06  .245 16525L 

06 

2.2500 

2.7400 

1.7500 

761  ■  ’• 

•  2607 04G0E  06  •26070634E 

06 

2.3400 

2.830C 

1.8400 

26 7.  0. 

•  2R62350v.F  .6  .25623779t 

06 

2.390C 

2. 88  JO 

1.8900 

7  7*.  ,  '  .  # 

•  263594^ JE  6  .76359666E 

06 

2.5600 

3.0500 

2.0600 

5  -»  e  # 

.’66  ^49  . -OF  >  6  .26635  J65F 

06 

2.6590 

3.14:'0 

2.1500 

,  c  . 

•27Q9350CE  ’.6  .?7^93790E 

06 

2.9800 

3.4700 

2.4800 

2R?C  '  .  . 

•  2745990JE  -6  .274602:  6E 

06 

3. 0600 

3. 5500 

2.56C0 

70)  •  • 

. ? 77 34 40L-E  >6  .27734722E 

06 

3.2200 

3.71  0 

2.7200 

298'  '. 

•  23465200b  -6  .28465658b' 

J6 

3. 580o 

4.070C 

3.0800 

2«:K  ;•  ■  . 

•  2P556400E  C'6  •28556738E 

06 

3. 8800 

4.37^0 

3.3800 

v,:.  'o  , 

•28647600E  06  .28647992b 

06 

3.9200 

u .4100 

3.4200 

317 

.2°7399,.JE  6  .297403*  oE 

06 

4 .0000 

4.4900 

3.5000 

7  20  '  '  '  . 

465900F  -6  . 30466 373E 

06 

4. 2300 

4  •  7  2 1  0 

3.7300 

•*  7  ?  '  ■  '  , 

.’  •6471  OOF  .6  .3064  755 

06 

4.5800 

6.07^0 

4.0R00 

11A,"  , 

•  ’191  270CE  t6  .319131 64 E 

06 

4.6400 

5.1300 

4.14C0 

‘’64  • 

.•»?6”5C:JF  6  .3263359 3 E 

06 

4.9  200 

6.4200 

4.4300 

20 


TABLE  A- 2  (Continued) 


cr?  it 

.-t6?/R 

Hb6/3 

DIK 

DIF+1NC 

UIF-0.5 

^  L  T  I  T  •  ""?  F 

H56-H62 

G~OPC  TENT  I 

'L 

GFCPOTFNTlAi 

OF OPT • 

GEOPT. 

GECPT. 

VFTrR<r  ' 

‘TTFRS 

y.E  T  rKS 

METERS 

meters 

METERS 

346-  ' 

•  3>8  1  ?4»,v,E 

-  6 

•  3281 393  IE 

C6 

5.3100 

5.80DC 

4.8100 

34P -  • 

.3799320CE 

'/6 

•3299 376 3t 

C6 

5.6300 

6.1200 

5.1300 

<62.. 

•  '»424!.\..,c  E 

;6 

•14249662b 

06 

5.8200 

6.3100 

5.3200 

36PW  .. 

#  ■*  /(  7  R  »,  6 1 

k-6 

•  .347  86  19ot 

C6 

5.900C 

6.3900 

5.4000 

?  f)  n  •  •  . 

•  3  ?  3  r-  =»  9  c  •  E 

6 

.35P56519E 

06 

6.3  POO 

6.8800 

5.8900 

•3  a  -  ■  # 

.  360^^9.;  ;;f 

6 

•16034559E 

06 

6.5900 

J7 .08  00 

6.0900 

3p4.  . 

.**>?  1 1  SC./E 

.  6 

•36212473E 

06 

6.730C 

7.2200 

6.2300 

, 

•1638960.  r 

•v  6 

•3639C284E 

06 

6. 8400 

7.3300 

6.3400 

39  •  i. 

•  167449  C^/F 

*  6 

•  36745  bt’.&E 

06 

6.8600 

7-.-3.50C 

6.3600 

39P  ■.  :-w  . 

•  3  7  4  5  4  ?  9  o  E 

6 

.17454930E 

06 

7.3000 

' 7.7900 

6.8000 

4  '  ?. 

•  378  .'8? cs.  F 

96 

•  3780897  IE 

06 

7 .7  IOC 

8.2000 

7.2100 

4  ,-S.  . 

•3S16180JF 

.  6 

•  38162595  F. 

06 

7 .9500 

8.4400 

7.4500 

Air.--  -. 

.19515.*  j;.e 

•.<6 

•335158wlC 

06 

8.01C0 

8.5000 

7.5100 

4  ]  6  *  . 

•  « 0  04  4. ‘.Ci  r 

•  •6 

• 7°044fi26E 

66 

8.2600 

8.7500 

7.7600 

41° ’’  •. 

.6 

.392209598* 

06 

8.590., 

9.0800 

8.0900 

4  '. 

.393961 jjF 

\  6 

•39396986L 

06 

8.8800 

9.3700 

8.3800 

42? 

• 

.V)f:7?acE  6 

.39577615F- 

C6 

9.1500 

9.6430 

8.6500 

4  241,' 

.  3  9  7  4  7  8  0 ’*>  fc  v  6 

.39748736 E 

06 

9.3600 

9 .85  DC 

8.8600 

4?6  " 

.399235CCF  v6 

•39924454E 

06 

9.5400 

10.0330 

9.0400 

4  28  G. 

.4  099  liXE  6 

.  4  v  1  CC.68E 

C6 

9.6800 

lo.17.-0 

9.1800 

44  7  - 

• 

.4  1  3  2e  5'/-  F  '  6 

.4132647VE 

C6 

9.7900 

10.2530 

9.2900 

4  6  l.-” 

• 

•  4 ? 9 2 4  >-).iF  -6 

.420250191 

06 

10.19CU. 

1 0.68  DO 

9.6900 

454 

• 

•  4  2  3  7  2  6  0  'J  F  6 

.423736 7 4C 

06 

10.7400 

11.23  .0 

10.2400 

44  71.  '• 

)  # 

.4?S°4800F  OS 

.4  2895889E 

06 

lC.R90i/ 

11. 38  DO 

10.3900 

464  '• 

> 

•  4  3?A?ac->E  ,6 

.4324357  It 

06 

11.2100 

11.7CD0 

10.7100 

468. 

)  # 

•4*58P6CoE  6 

.4359C747F 

06 

11.4700 

1 1.96 jC 

10.9700 

47? 

•  # 

•4193640*  E  16 

•4?937v66E 

0t> 

11.6600 

1 2 . 1 5  DO 

11.1600 

4  76  ' 

* 

• 

.442P780JE  06 

.44283976b 

06 

11.7800 

12.27  00 

11.2800 

4  7  7' 

• 

.444  55  Rs'-.'F  6 

•44457C32E 

06 

12.3200 

12.81 00 

11.8200 

48?  .  ' 

• 

.448 !  16.:J-F  -6 

•448C2837E 

06 

12.3700 

12.8630 

11.8700 

4  f  p 

• 

.4*^]y5GJE  -6 

.4532C7P7E 

06 

12.8700 

13.3600 

12.3700 

4  94'.” 

‘  • 

•45P36800E  .6 

•45837829b 

C6 

13.7900 

13.7P  DC 

12.7900 

c 

’  • 

•4635260JE  .6 

•46353966k 

06 

1 3.660C 

14.1500 

13.1600 

50  6« 

• 

•46S673ocF  >6 

.46869** 1 t 

06 

14.0100 

14 .50 JO 

13.5100 

61?  jO 

• 

.4  7382  1  Gv/E  -  5 

•473835 36t 

C6 

14.3600 

14.85  ?0 

13.8600 

•>  1 4  :•< 

\  # 

.475613C0E  6 

.475  54  78  IE 

06 

14.8100 

1 5 .30  30 

14.3100 

5.?v 

> 

•4FC664CDE  6 

.4RG67919E 

^6 

15.1900 

15.68  DO 

14.6900 

4  ?  4  0  7 

•N 

• 

.4»5786C-;p  .-6 

.455801621 

06 

15.6700 

16.1130 

15.1200 

*75  • 

• 

.4874<:ic.E  6 

.4875071  IE 

C6 

16.1100 

16.60  ’0 

15.6100 

5  ■* 7  r ' 

.4OC8W9C0F  6 

.49091514k 

06 

16. 140C 

16.63  JO 

16.6400 

'.if 

*. 

•  4^43w?Cvk  ..6 

.49431920b 

C6 

16.2C00 

16.6900 

15.7000 

430 

.4  J6 «J  3  iioE  6 

.496019751. 

06 

16 . f 500 

1  7.24  30 

16.2500 

?  4  7 

• 

•  4°‘>4.  1  j.)F  .6 

.499417V  ,L 

06 

16.*  000 

1  7.3930 

16.4000 

7/4  A  ,  . 

• 

•  r-  27950,'F  6 

.502817. 

06 

17.0900 

17.58  )0 

16.5900 

M  R 

• 

.6  6  1 6  6  J E  6 

•  50621*  ?7t 

06 

17.3  70C 

1 7.8630 

16.8700 

n  ft  4  ^  n 

'  • 

0*71  /OF  6 

•  «'1058H72F 

06 

17.7700 

18.21 30 

17.2200 

21 


tttU  A-2  (CoafcimMd) 


6F0VFT9K  W6?/R 

ALTITU'f 

H56/8 

OIF 

H56-H62 

DIF+I NIC 

OIF -0.5 

GEOPOTENTIAL 

geopotenti al 

GEOPT. 

GEUP  r. 

GtlOP  T  . 

■METf  RS  METERS 

METERS 

METERS 

VETERS 

METERS 

H*L»0  '• 

•SI2993C0E 

06 

•512971 I4E 

C6 

18.1400 

18.6300 

17.6*00 

562000. 

•  5 16331  OOF 

./6 

•51634966E 

06 

18.660C 

19.1500 

18.1600 

•52139100E 

c6 

•52141C12E 

06 

19.1200 

19.6100 

18.6200 

STB  oo 

•52980500E 

06 

•52982475E 

06 

19.7500 

20.2*00 

19.2500 

5«00f  '• 

•5314840JE 

06 

•4315C478E 

06 

20.7800 

21,2700 

20.2800 

•53316300E 

06 

•53316382E 

06 

20.8200 

21.3100 

2(j*3200 

584u0O. 

•  53484  lJv't 

v/6 

•53486190E 

06 

2  J.9 0 0  c 

21.3900 

20.4000 

586."*  >. 

•53651800E 

■>6 

•53653902E 

06 

21.020C 

21.5100 

20.5200 

sesoo  >. 

•53819400E 

06 

•53821517E 

06 

21.1700 

21.6600 

20.6700 

59000 

•  63986901,  E 

oc 

•53989C35E 

06 

22.3500 

21.8*00 

2O.8500 

66V.V. 

.54l643u^E 

•  6 

•54156457E 

06 

21.5700 

22.0600 

2 1 ' 0700 

6C000“*. 

•5482300UE 

06 

•54825182E 

C6 

21.8200 

22.3100 

21.3200 

602c.) •  '  • 

•549899G0E 

06 

•54992122E 

06 

22.2200 

22.71 UC 

21.7200 

6u40C>. 

•551567GOE 

v>6 

•55158968E 

06 

22.680C 

23.170C 

22.1800 

608CO  • 

•5549clOG£ 

<■  6 

•55492370E 

C6 

22.7CC0 

2  3.1900 

22.2000 

eioco 

•5565660GE 

v6 

•55658928E 

06 

23.2800 

23.7700 

22.7800 

61400'., 

.55989400E 

0  6 

•55991756E 

06 

23.56CC 

24.0500 

23.0600 

62000  >• 

•56487900E 

06 

•5649C284E 

06 

23.8400 

24.3300 

23.3400 

62600 0, 

.5498550CE 

w6 

• 56987y54£ 

06 

24.5400 

25.0300 

24.0400 

6260'* 

•571511U0E 

06 

•57153664E 

06 

25.5400 

26.C3GC 

25.0400 

6100t:.)« 

•573J670oE 

u6 

•57*192606 

Jb 

25.6000 

26 .09  00 

25. 10C0 

632CC  j  . 

•5748220CE 

c6 

•5748477oE 

06 

25.700c 

26.19 JG 

25.2000 

634004. 

•576476COE 

w  6 

•5765C186E 

C6 

25.8600 

26.3500 

25.3600 

6360i'  ■, 

•5781290GE 

.6 

•578155o8E 

06 

26.0800 

26.5700 

25.5800 

sm'P'. 

•579781U0F 

..6 

•5798( 734E 

06 

26.3*00 

26.8300 

25.8400 

644C0  . 

.4O473200F 

6 

•3B475648E 

06 

26. *800 

26.9700 

25.9800 

646( . 

•  586380Gv>E 

c6 

•  5864069  ft 

C6 

26.9700 

27.460C 

26.47CG 

•5896740cE 

0 6 

.589701 14E 

06 

27.1400 

2  7  .6  3  00 

26.6400 

65*. >v  ;  • 

•6979640CE 

.6 

•59299155E 

06 

27.5500 

28.0400 

27.0500 

66 

•597892U0E 

v.6 

•59792012E 

06 

28.1200 

2  3 .6 lGO 

27.6200 

66  2  o  0  . 

•  599532J0F. 

-6 

•57956110E 

06 

29.1000 

2  9.5400 

26.6000 

664. ,i>.>  • 

•6vll72O0E 

06 

•6C120115E 

06 

‘9.150c 

29.6*00 

28.6500 

46*; r  ■  , 

.6  2811XE 

.  6 

•60264C28E 

06 

29.260C 

2  9.77  0 C 

28.7800 

66400 

.6  46490CE 

6 

•60 4478 4 5E 

06 

29.4500 

20. 9*00 

28.9500 

67000  •« 

.6  6«P 600E 

--6 

•6G611570E 

06 

2  9 . 7  o  C  v 

3G • 1 90G 

29.2000 

67?'  ^  i , 

.6  7722D0E 

06 

.607752: 3t 

06 

30.0300 

40.5200 

29.5300 

674  .  c 

•  612625UV.-E 

-6 

•612655J9E 

06 

30.3900 

3  w .86  00 

29.89C0 

68200-5. 

.61 588900E 

06 

•61591 966E 

06 

?C.b600 

31.1500 

30*1600 

686 .  l  ■  • 

•  619 149  jk/E 

0  6 

•  6191802  3E 

06 

31.2300 

31.7200 

30*7300 

690  O''. 

..62240500E 

;6 

•62243/C9E 

06 

iP.  »C^0C 

52*58  00 

31.5900 

6*i?.':  • 

•6?403?Oo£ 

06 

•62406* 1 4E 

06 

32.1*00 

32.6300 

31.6400 

6V4''0 

•62565800E 

6 

•62569026E 

06 

32.2600 

32 .7500 

31.7600 

6960  5'. 

•6272G4cCF 

ib 

•62731545E 

06 

32.4500 

32.9400 

31.950C 

69POO 0. 

•628907UCE 

lb 

•62893974E 

06 

32.7400 

33.2300 

32.24C0 

7900  0 

•69053DJwE 

cS 

•63056? J9E 

C6 

33*0900 

33.58^0 

32.5900 

22 


TABLE  A- 3 


VAI  !Jt . OF  SUBSET  2  AS  A  FUNCTION  OF  GLOME TH I C  ALTITUDE 
WITH  THE  RELATED  VALUES  OF  H62/R#  1156/8* 

AND  THF  DIFFERENCES  H56/8  -  H62/R 


GFO^FTP  fC  H6?/R 

H56/8 

DIF 

DIF+INC 

DIF-0.5 

ALTITUDE 

H56-H62 

GEOPOTENTIAL 

geopotential 

GEOPT. 

GEOPT. 

GEOPT. 

''FTERC 

meters 

meters 

METERS 

meters 

METERS 

•63053Ou0F 

./6 

•63u563u9E 

06 

33.0900 

33.5800 

32.5900 

• 

690;'''''  . 

•62890700E 

06 

•62893974E 

06 

32.7400 

33.2300 

32.2400 

6«6.  '•  '  • 

•6?7?8?uOE 

.'6 

•6273 1545E 

06 

32.4500 

32.9400 

31.9500 

694  r 

•6 25688 COE 

06 

•62569026E 

06 

32.2600 

32.7500 

31.7600 

6  9?;:r  1  • 

•624C320UE 

06 

•6240641 4E 

06 

32.1400 

32.6300 

31.6400 

636  'i 

•620777G0E 

06 

•6208C912E 

06 

32.1200 

32.6100 

31.6200 

6  rt  4  v  ■.  '  • 

•  6 1  75 190v/E 

1.6 

•61755040E 

06 

31 .4000 

31.8900 

30.9000 

6fl  r- 

•  6 i 425  700E 

G6 

•614288C0E 

06 

31.0000 

31.4900 

30.5000 

676':.?- '  • 

•61 099 lGcE 

06 

•61102186E 

06 

30.8600 

31.3500 

30.3600 

67A:-  0-'  • 

•6'93570CE 

06 

•60938741E 

06 

30.4100 

30.9000 

29.9100 

HI??’’  ■  • 

•  6:;77?2UUE 

06 

•60775203E 

06 

30.0300 

30.5200 

29.5300 

67.m*(  • 

•  6  6  .86v>cE 

6 

•6061157UE 

06 

29.7000 

30.1900 

29.2000 

668  JC  ?  • 

a6 04 44 900 E 

06 

•60447845E 

06 

29.4500 

29.9400 

28.9500 

666 -'0  • 

•6.281 100E 

Lb 

•60284028E 

06 

29.280C 

29.7700 

28.7800 

bbUL"  T. 

•  6*  1  1 7  200E 

Lb 

•6012C115E 

06 

29 .1500 

29.64C0 

26.6500 

66?‘*r  i. 

•59983200E 

Lb 

•  599561  ICE 

06 

29.1000 

29.5900 

28.6000 

656*.  ’  '• 

•  8946070'JF 

Lb 

•59463534E 

06 

28.3400 

28.8300 

27.8400 

f  R  ?  r  r  T  # 

•59131900E 

•59134681E 

06 

27.8100 

28.3C00 

27.3100 

646  w  l. 

•58892700E 

Lb 

•588C5453E 

06 

27.5300 

28.0200 

27.0300 

64?:  r  '  . 

.58308 20CE 

06 

•58310905E 

06 

27.0500 

27.5400 

26.5500 

640v  • 

•58143200E 

06 

•58145866E 

06 

26.660C 

27.1500 

26.1600 

6ro.  •• 

•  67978  ICoE 

.6 

•57980734E 

06 

26.3400 

26.8300 

25.8400 

6?6'  ‘  9. 

•67B12900E 

06 

•57815503E 

06 

26.0800 

26.5700 

25.5800 

634  .  ). 

•5764760^E 

06 

•5765C186E 

C6 

25.8600 

26.3500 

25.3600 

63?,'.  • 

•57482200E 

06 

•5748477UE 

06 

25.7000 

26.190C 

25.2000 

67o:-'~  ?. 

•57316700E 

06 

•57319260E 

06 

25.6000 

26.0900 

25.1000 

6  ?  ° 

•  R7151 1  COE 

06 

•57153654E 

06 

25.5400 

26.0300 

25.0400 

622-:  •'  i« 

•56653900E 

06 

•56656270E 

Ob 

24.7000 

25.1900 

24.2000 

6 1 6 0 C- 

•56155600E 

«.*6 

•56158028E 

06 

24.2800 

24.7700 

23.7800 

6120*. 

•558230G0E 

<;b 

•55825390E 

06 

23.9000 

24.3900 

23.4000 

61'  ■  > . 

•55656600E 

06 

• 55658928E 

06 

23.2BOO 

23.7700 

22.7800 

6 ;  6  -*  )  • 

•55323400E 

06 

• 553257 1 7E 

06 

23.1700 

23.6600 

22.6700 

6  ' 4*  '•  '  • 

•55156700E 

v  6 

•55158968E 

06 

22.6800 

23.1700 

22.1800 

e'«P  ./■ 

•  546559(}f'E 

06 

•54658145E 

06 

22.4500 

22.9400 

21.9500 

5R6':03. 

•54488800E 

06 

•54491011c 

06 

22.1100 

22.6000 

21.6100 

594- .»• 

•54321600E 

v  6 

•54323782E 

06 

21.820C 

22.3100 

21.3200 

.  '• 

•541 5430uE 

06 

•54156467E 

06 

21 .570 U 

22.060C 

21.0700 

ROT;  i  « 

•  5  3986900E 

06 

•53989035F 

06 

21.3500 

21.8400 

20.8500 

too,  ’  , 

.6?31940vF 

6 

•5382 1 6 1 7E 

06 

21.1700 

21.6600 

20.6700 

•'84  • 

•63661 8O0E 

w6 

•  536539v. 2E 

06 

21.0200 

21.5100 

20.5200 

684'  '  ’ • 

•4?48410vF 

Lb 

•5348619CE 

06 

20.9000 

21 .3°00 

20.4000 

*??.••  •• 

.M316*0*‘F 

•  >b 

•5331R382E 

06 

2O.820C 

21.3100 

20.3200 
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TABLE  A- 3  (Continued) 


r-poMcro  jr  H62/R  H56/8 

DIF 

OIF+INC 

DIF-0.5 

ALTTT'^F 

H56-H6? 

gfopotfntial  geopotential 

GEOPT. 

GEOPT. 

GEOPT. 

?-*FTFRS 

meters  meters 

METERS 

METERS 

METERS 

•57148400E  6  .5315C473E 

06 

20,7800 

2 1 .2700 

20.2600 

*70' 

•  S23^740.  E  w6  .52309499E 

06 

19.9900 

20.4800 

19.4900 

564009, 

•  5 190180'JE  16  .51803745E 

06 

19,4500 

19.9400 

18.9500 

56COCO. 

•5 1464200E  .6  .51466090E 

06 

18.900C 

19.3900 

18.4000 

5 56 GOO. 

•  51 12620CE  s> 6  .51128J42E 

06 

18.4200 

18.9100 

17.9200 

5521-07. 

•5  787800E  j6  •507896C3E 

06 

18.0300 

18.52C0 

17.5300 

548s/0‘l, 

•  5  *44900JE  v-6  •  5C450773E 

.06 

17.730C 

18.2200 

17.2300 

544000, 

•  5s<1g980OE  s/6  •50111548E 

C6 

17,4800 

17.9700 

16.9800 

540000. 

•4977020.jE  if.  #4977 193 IE 

06 

17,3100 

17 .8000 

16.8100 

5380*0. 

•4960030OE  6  .49601975E 

06 

16.7500 

17.2400 

16.2500 

59409  t. 

•49260100E  v6  .49261766E 

06 

16.6600 

17.1500 

16.16C0 

5  30 Jr  0 • 

•4891S50GE  j6  .48921163E 

06 

16.6300 

17.1200 

16.1300 

52 4oO 

•  4840790-.:E  s6  .484C9514E 

06 

16,1400 

16.6300 

16.6400 

51R1.0O. 

•47895400E  46  .47R96973E 

06 

16.7300 

16.2200 

15.2300 

5  1  ft  w  '  0  • 

•47724400E  .6  .47725927E 

06 

15.2700 

15.7600 

14.7700 

51.;  vrt  •  . 

•472 10700E  06  .47212191E 

06 

14.9100 

15.4000 

14.41 OC 

r.  s  4  ('•  «  <•«  # 

•46696 100F  06  .46697557E 

06 

14.5700 

15.0600 

14.0700 

4<>flcro. 

•461 8C600E  w6  •46182C21E 

06 

14.2100 

14.7C00 

13.71CC 

49?  ~  ~  • 

•  45664?.'.0E  <-6  ,4566558 3E 

06 

13.B30C 

14.3200 

13.3300 

486of 0. 

•  44146900E  »/6  •45148238E 

06 

13.3800 

13.8700 

12.8800 

484U 

•44974300E  46  .44975587E 

06 

12.8700 

13.3600 

12.3700 

43:, •,. 

•446287J0E  06  .44629986E 

06 

12.860C 

13.3500 

12.3600 

470, .<  .1. 

•44455300E  -6  .44457032E 

06 

12.3200 

12.8100 

11.8200 

474»<C  1. 

•44 1 0960UE  s6  .44110823b 

06 

12.2300 

12.7200 

11.7300 

47^r -  •  • 

•  437630C0E  *.6  ,437642;>7E 

06 

12.0700 

12.5600 

11.5700 

4fi<jO  0  '  . 

•  4?.4l604s;E  ’-.6  .43417186E 

06 

11.8600 

12.3500 

11.3600 

4f>7.  7  •. 

•4306B6CCE  '6  ,4?w69756E 

06 

11.5600 

12.0500 

11.0600 

a 56~:: ' . 

•  4?54670v/E  6  .42547848E 

C6 

1 1  .4800 

11.97C0 

10.9800 

452 OC,  • 

•  4219830CE  1-6  .42199397E 

06 

10.970C 

11.46C0 

10.4700 

444  ; .  .  *•  • 

•  4 1 5s^V/20oE  v6  .4l50l268t 

06 

10.6800 

11.1700 

10.1800 

4  ?  *>  r  • 

•  4,  8s,O50CE  C6  •4r>30l494E 

06 

9.9400 

1C.4300 

9.4400 

434."f  '  • 

•  4;  62530CE  V/6  .40626292E 

06 

9.920C 

1C.4100 

9.4200 

4??:i.vi. 

•  4 S.-450C JOE  u6  .40450988E 

06 

9. 8800 

10.3700 

9.3800 

A  ?  *  ,  r  , 

•  4'  2746J0E  6  ,4027558 »/E 

06 

9.8000 

1 0.2900 

9.3000 

4?«r  '  •  • 

.4'C9°1s)0F  6  .601C0C6SE 

06 

9.6800 

1C. 1700 

9.1800 

4?60*  . 

•3O92350jE  06  ,*9924454E 

06 

9.5400 

10.0300 

9.0400 

’  • 

.7^747800F  06  .7974R736E 

06 

9.360C 

9.8500 

8.8600 

'!??.  '  . 

•39572000E  -6  . '9572V15E 

06 

9.1500 

9  .6400 

8.6500 

47  •  . 

,7°7f’6l0  F  -6  .39396988E 

06 

8.8800 

9.3700 

8.3800 

414.  •  •. 

•  3P8677CUF.  v-6  ,3886858/t 

06 

8. 8700 

9.3600 

8.3700 

•4«>0 

,3P3*»84<KJE  C'6  .38339249F 

06 

8,4903 

8.9800 

7.9900 

4  "4:  . 

•  37084;;:.oF  v6  .37985836F 

06 

8.36*0 

8.8500 

7. 8600 

L  ■X'  ;  '  , 

•  **76312.-0F  4  ,376720s  3E 

34 

8.0300 

8.5200 

7.5300 

’9?V>  •. 

•  36922‘10OF  „6  .36923C80E 

C6 

7.8COO 

8.2900 

7.3000 

‘70'.  ’, 

•35677700E  06  ,3567b4liE 

06 

7.110') 

7.60PC 

6.6100 

’7,v: 

•35142700F  06  .35143393E 

06 

6.9800 

7.4700 

6.4800 
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TABLE  A- 3  (Continued) 


oEOMFT R  I C 
AL  TITfJC 

M62/K 

H56/8 

u)  I  F 

H56-H62 

nIF+i nc 

OIF-0.5 

vrtP^n 

r-FOPOTENT  I  al 

vc-JERS 

geopotential 

METTRS 

GEOPT. 

METFRF 

GEOPT. 

METERS 

GEOPT. 

METERS 

36 A  i 

■•  .344?79j;jF  u ft 

.34'*?8658E 

06 

6 .5800 

7.0700 

6*0800 

3  5  6  v. . 

.  .  3371  lAOoE  06 

•  337 12ul5E 

06 

6*1  500 

6.6400 

5. 650(3 

?5A- 

!.  .3  35  32COCE  ,6 

•33532613E 

06 

6.1300 

6.6200 

5.6300 

3  5?.:" 

3.  .'3335250GE  ,6 

.333531C2E 

06 

6. 0200 

6.5100 

5.5200 

■j  p  n  •  '■ 

'.  •3'»17?R^F  .-ft 

.33173A96F 

nft 

5.P60C 

6.3500 

5.3600 

.?2993?;jOE  vft 

•32993763F 

06 

5.6300 

6.1200 

5.1300 

34?-  ' 

.  .  32A‘S34uCE  -ft 

.  3  2  A  5  3 v  A  7  E 

06 

5  .  A700 

5.96  :.c 

4.9700 

'' 

'.  .V09*J*A.E  w 6 

•  '52093f’32h 

06 

5.3200 

5.8100 

4.8200 

33 

.  .31 37-90CE  -  6 

•  3 1  37 14 1  CE 

06 

5.1000 

5.5900 

4.6000 

32P-v  , 

0.  .31 1 9o  100E  -ft 

•311906i Vt 

06 

5.0900 

5.58  JO 

4.5900 

3  2  a. 

•  .  tIO,y?C  .E  .6 

•31-097. Lt 

C6 

5 .0000 

5.4900 

4.5C00 

*?/, .  ’ 

•  .3.  8287G-F  -ft 

•  308  2868  3E 

06 

A. 8300 

5.3200 

4.33C0 

31  A-’  ' 

?Fac...^e  a 

• 3028AV8 IE 

06 

A. 8100 

5.3000 

4.31  CO 

■>]/*  *•• 

,?^9?]^o0£  -6 

•  2992 1 968F 

C6 

A.6E0C 

5.1700 

4.1800 

•> 

'.  .2£>194?0uE  't 

•291°4636E 

Oft 

A. 3800 

4. 8700 

3 • 88  00 

3  '  A .  i  •* 

.  •  ?9C  121  OuE  -6 

•29012632E 

06 

A. 3200 

4.81-0 

3.82C0 

3  ;•? 

.  • 2  H  8  ?  9  9  0  c  F  ,6 

•28630J16E 

Oft 

A.  1600 

4.6500 

3.6600 

?9ft- 

<•  .?R?8?ftCGE  vft 

.2828301 3b 

06 

4.1300 

4.62  :o 

3.6300 

29? 

.  .2791720GE  Oft 

•  2  79 1759  7£ 

06 

3.970C 

4.460C 

3.4700 

29 1  ■  ' 

J.  . ?78  258C0E  .ft 

•  27826 1 73E 

06 

3.7300 

4.2200 

3.2300 

?n  ■ 

.  ;-l  jE  ft 

•26543357E 

06 

3.6700 

a.  06  on 

3.07C0 

?!'>■ 

.  .?M7Rftonr  -.ft 

•  26175F.A2E 

Oft 

3.  a 200 

3.91  JO 

2.9200 

?  ft  0  • . 

•  .2*7  IP  5-  OF  .-ft 

. 25715626b 

C& 

3.2600 

3.7500 

2.7600 

266- 

.  .25531 30CE  vft 

.25531625E 

06 

3.2500 

3.74 JC 

2.7500 

. 

•  252548  ,)JF  Oft 

.252551 15E 

Cft 

3.1500 

3.64  OC 

2.6500 

?  ftp  1  -r 

.2A793AUGE  -6 

•  2A793  7v5t 

C6 

3 .0500 

3.54 JC 

2.5500 

?y.r 

.  .2AA23890E  .ft 

•2AA2AC/7b 

C6 

2. 7700 

3.26  00 

2.2700 

?45,U 

.  .2759u50GE  -6 

.2359077AE 

C6 

2.7400 

3.2300 

2.2400 

'.  •  228 A79Lv,E  '.ft 

• 22P48 1 49E 

06 

?  .4rOO 

2.98  JO 

1.9900 

2?t  ’ 

•■.  .219171 0«vE  ft 

•21917333E 

06 

2.3300 

2.8  2  JO 

1.8300 

2?c 

•  .2 1 7306--F  -ft 

.21730830F. 

06 

2. 3000 

2.7900 

1.8000 

??3.:; 

».  .21544  JGGE  -6 

. 2  154421 3 1 

06 

2.1300 

2.6200 

1.6300 

21 

J.  .2  796 AO jC  •-  6 

•2G796612E 

06 

2.120C 

2.61 jO 

1.62 CO 

2  ;V  '■ 

3.  •  19&716 jOE  v  ft 

.196717921: 

06 

1 .9200 

2.41  JO 

1.42C0 

IP'* 

•  .18828? v-E  .6 

.1 3825A72E 

C6 

1.7200 

2.21  .*0 

1.22C0 

1  PR, 

).  .18 25980GE  -ft 

•18259965b 

06 

1 .6600 

2.14  '0 

1.15C0 

•  .17316  '0;  r  .  ft 

. 1 73151A6E 

06 

1.4600 

1  .95  C 

•  9600 

1  7-K  ' 

.  •  1  7r.  3 1  '.oOF  ■  6 

.  1  7U3 1 1  3.8E 

06 

l.'*80C 

1.87  0 

•  88  00 

16'’- • 

.  .  1 5A622C-E  ft 

. 1 646?7?6L 

Cft 

1.3600 

1  .85  JO 

.8600 

16Ai. 

'•  •  1 r<  9  8  7  4  C  J  F  •  6 

• 1 5<'!87533E 

06 

1.3300 

1.8?  .0 

•  8300 

16’.  • 

.157973-VE  ft 

.157974  VE 

06 

l.<  70C 

1 .58  '0 

•  5900 

198  ,0 

'.  .1541670GE  -  & 

• 15A16&CBL 

C6 

1 .CbCO 

1.57  >0 

•  5800 

150. 

•  .146541GOE  3ft 

.146542:  61. 

C6 

1 . 060  0 

1.55  JC 

•  56C0 

]  Aft  ' 

.  .lA?7  2  1(iv/f  *.6 

•  1  42722'.  1L 

06 

l.Clv^ 

1  .50  ,C 

•  5100 

1 A  ^ 

.  .1  39P** ’*KJE  1  * 

.139853881 

Oft 

•  8800 

1.37  0 

•  3R00 

,  .  l?ft38ACuF  ft 

. 1 7835A«ftb 

C6 

•  *»ftOC 

1.35  JO 

.3600 
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TABLE  A- 3  (Continued) 


GrO'*PTP  IC 
ALTITIOF 

H62/R 

H56/3 

DIF 

H56-H62 

D1F+INC 

DIF-0.6 

J'FTFR  c 

GFOPOTtNTIAL 

meters 

geopottntial 

METERS 

GEOPT. 

METERS 

GEOPT. 

METERS 

uEOPT. 

MtTERS 

ii?:.k  • 

•  1 1C-60  J*<£ 

.6 

•  1 1006 v8  3E 

C6 

•  8  3cr. 

1.320C 

.3300 

•  K-619500E 

r6 

•10619575E 

06 

.7500 

1.2400 

.2500 

\nu: 

•1  5228UCE 

.-6 

•10522874E 

C6 

•  7400 

1.2300 

.2400 

91  i-r 

•  397  <  5COOE 

05 

•897166fluE 

05 

.6800 

1 .1790 

.1800 

72.  v.  ' 

.71 193000E 

u5 

• 7 1 1V3624E 

05 

•  624C 

1.12S0 

•  1240 

70*'  . 

.6P237JJWE 

V.  5 

•69237564E 

05 

.5640 

1.0640 

•  0640 

44.'' 

•43697l0gE 

.'0 

•4369/636E 

C5 

.6360 

1  .03  50 

.0360 
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IMU  A-4 

SCAU  VAUOt  Of  il(X)  4»  Z  MR4HB  ZM  MB— B  HttIH— 

of  —  o—  or  mtsn  i  mb  2 


AltitiUt  Interval 

ka 

Mi  tars  of  f  (1) 

Bar  1  can  of  graph 

kn  of  Altitude  Z 
fir  l  ca  of  Owfh 

0  -  150 

0.02 

6 

100  -  250 

0.06 

4 

220  -  370 

0.10 

4 

360-530 

0.10 

4 

550  -  700 


0.10 


tta  NTim  of  straigit-llsM  segments  neat  log  these  conditions  is  designed 
as  f(S*»l),  Th©  ordinate  values  of  the  desired  function  f(Z)  nay  be  equal  to 
Mr  taas  Gten  the  ordinate  values  of  the  end  points  of  the  segments  of  f(SS-L), 
feat  will  always  be  less  than  the  ordinate  values  of  ell  other  parts  of  f(SS-l) 

(9)  Hot  the  data  froai  Subset  2  on  the  same  graphs  with  Subset  l. 

(1C)  Select  certain  points  of  Subset  2  which  appear  to  form  a  smooth 
nonotenically  increasing  upper  bound  to  the  total  of  Subset  2  data.  These 
selected  points  comprise  si»oth  Subset  2  end  are  those  points  which  may  be 
connected  sequentially  with  straight* line  segments  meeting  the  following  two 
conditions: 

(a)  Sach  of  these  line  segments  lies  above  all  those  points  of 
Subset  2  having  altitude  values  within  the  altitude  interval  encompassed  by 
the  particular  line  segment. 

(b)  Sane  aa  condition  b  under  step  8. 

This  series  of  straight*line  segments  associated  with  Smooth  Subset  2 
data  is  designated  aa  f(S8*2)  and  will  be  seen  to  be  close  to  but  below  the 
segments  f (SS-L)  prepared  in  Step  8.  The  ordinate  values  of  the  desired 
function  f  (Z)  nay  be  aqpwl  to  or  greater  then  the  corresponding  ordinate 
values  of  f(SS*2)  for  all  values  of  Z,  but  there  is  a  snail  probability  that 
the  ordinate  values  of  f(Z)  nay  sometimes  be  slightly  less  then  the  corres* 
ponding  ordinate  values  of  f(SS*2)  for  sons  values  of  Z  in  between  the  end 
points  of  sons  of  the  line  segments,  i.e.,  the  points  of  smooth  Subset  2. 
for  any  particular  set  of  abscissa  valuas  Zo  corresponding  to  the  abscissa 
of  the  data  points  in  Smooth  Subset  2,  the  desired  smooth  function  f(Z) 
has  ordinate  values  which  ere  equal  to  or  graater  than  the  ordinate  "slues 
of  the  related  points  of  Subset  2,  but  which  ere  less  than  the  corresponding 
ordinate  values  of  f(8S-l).  Thus,  the  value  of  f(Z)  corresponding  to  each 
nambar  of  the  set  of  ordinates  Z2  is  bounded  within  small  limits,  and  it  is 
possible  to  estimate  the  value  of  f(Z)  for  each  value  of  Z2  to  be  midway  be* 
tween  the  appropriate  limits.  It  is  also  possible  to  estimate  the  value  of 
6f(S),  the  range  of  uncertainty  of  f(Z),  to  be  equal  to  the  separation  between 
the  above  specified  boundaries. 

Values  of  f(Z)  and  5f (Z)  may  similarly  be  made  for  the  set  of  abscissa 
values  Z  corresponding  to  the  abscissas  of  the  data  points  in  •sooth  Subset  1. 
In  these  instances,  however,  the  ordinate  values  of  f(Z)  trill  be  equal  to  or 
lass  than  the  ordinate  values  of  the  related  data  points  of  Snooth  Subset  1, 
and  n ay  be  as  low  ss  or  even  slightly  lower  than  the  ordinate  value  of  the 
corresponding  points  of  f(8S-2). 

(11)  Prom  the  graphical  representations  f (88-1)  and  f (SS-2)  connecting 
the  data  points  of  Snooth  Subsets  1  and  2  respectively,  estlnst*  values  of 
f(Z)  and  bf(Z)  for  the  abscissas  in  tbs  set  Z,  end  Zj  in  accordance  with  the 
discussion  under  step  10. 


file  set  of  graphically  estimated  values  of  f(Z)  and  uncertainty  of  f (I) 
in  the  fora  of  100  &f(Z)/f(Z)  are  presented  as  a  function  of  Z  in  Tab la  4*5. 

The  f(Z)  Polynomial 

The  data  of  fable  A- 5  were  fed  into  a  digital-machine  curve-fitting  pro¬ 
gram  designed  to  yield  the  coefficients  of  best-fit,  first-,  second-,  third-, 
and  fourth-degree  polynomials  as  veil  as  the  difference  betveen  each  point  of 
input  data  and  the  polynomial  values  for  the  seam  abscissas.  From  consider¬ 
ations  of  mean  differences,  the  fourth-degree  curve  was  found  to  give  the 
best  fit  of  the  four  curves  considered.  For  the  case  when  Z  is  expressed  es 
kilometers,  we  find 

f(Z)  -  A  +  BZ  +  CZ2  +  DZ3  ♦  EZ4  (A-4) 

where  f(Z)  is  expressed  es  m' 

A  -  0.4658124  x  10~2  n' 

B  -  0.1336918  x  10*3  a' /km 
C  -  0.1903029  x  10"4  m'/km2 
0  -  0.8286681  x  10~9  m'/km3 
B  -  0.1822113  x  10‘l0m'/k»4 

When  Z  is  expressed  in  meters,  the  values  of  the  several  coefficients  era 
multiplied  by  (10~3)x  (km/m)x,  where  x  is  the  power  of  Z  in  the  term  with 
which  the  particular  coefficient  is  associated.  In  both  instances  the  dim¬ 
ensions  of  f (Z)  le  geopotential  meters.  A  list  of  the  functional  values  of 
f(Z)  as  defined  above  end  a  list  of  the  difference  between  the  graphical  end 
functional  value  of  f(Z)  are  also  given  in  Table  A-5. 

It  is  noted  that  the  function  determined  does  not  pees  exactly  through 
aero  at  Z  ■  0,  be  has  a  value  of  0.004858124  neter  at  ehia  altitude.  This 
value,  in  effect,  increases  tha  valua  of  the  entire  function  by  less  than 
five  thousandths  of  a  meter,  an  amount  which  le  trivial  in  the  determinetloo 
of  geopotential  to  tha  nearast  hundreth  of  a  meter.  This  discrepancy  ua- 
doubtedly  rasults  because  the  graphically  derived  values  of  f(Z)  have  only 
limited  accuracy.  In  addition,  only  three  graphical  values  of  f(Z)  resulted 
from  the  study  for  the  region  0  to  90  km  in  which  region  the  basic  date  con¬ 
sisted  of  only  those  90  tabulated  values  of  Z  for  integral  multiples  of  ome 
km  .  There  are,  hoyever,  approximately  600  tabular  entries  of  Z  sod  L«/| 
between  0  and  90  km  ,  end  more  then  three  graphical  values  of  f(Z)  coula 
possibly  have  been  obtained  for  that  region.  A  better  fit  at  Z  •  0  might 
have  been  determined  If  ell  the  available  date  had  been  used,  lo  greet  error 
is  made,  however,  if  sero  is  assigned  to  the  coefficient  of  the  1°  term. 


TABLE  A- 5 


C2A9RXCALLY  DTTIIKUBD  KSTIMAXSi  OP  f^Z)  COMPABXD 
Him  MLYMOMXALLY  BKHUDKP  VALUES  OP  f  (Z) 


s  0») 

Graphical  ' 

latiaates 

Of  f^Z),* 

Percentage 
Degree  of 
Certainty 

Functional 

Value  of 

Graphical 

Value  Minus 

Functional 

Value,* 

.0008-30 

.000008-50 

100.000 

.48581241-02 

-.48581241-02 

.4408402 

.420001-01 

90.576 

.42802041-01 

-. 80204 70E-03 

.7208402 

.130008400 

96.923 

. 1243! 93L400 

.56806108-02 

.1128403 

.342008400 

98.030 

.34216391400 

- . 163980CE-03 

.1448403 

.060008400 

97.680 

.84717551400 

.12824411-01 

.2031403 

.143001401 

98.620 

.14243551401 

.25644901-01 

.  U 38403 

.164508401 

98.480 

.16405931401 

.44070901-02 

.2258403 

.182108401 

98.050 

.18355971401 

-.14597901-01 

.2438403 

.225308481 

99.334 

.22676701401 

-.12670701-01 

2308403 

.237008401 

94.222 

.25798051401 

-.98051001-02 

.2008403 

.277308401 

99.097 

.27845861401 

-.95864001-02 

.2778403 

.293308401 

98.815 

.29718941401 

-.16894501-01 

.3738403 

.631008401 

99.538 

.65066221401 

.33774001-02 

.45-8403 

.110108402 

99.728 

.10972471402 

.37527001-01 

.4008403 

.  129158402 

99.632 

.12933041402 

-.80470901-02 

.4928)03 

.133608402 

99,776 

.13349551402 

.10450001-01 

.3188403 

.132638402 

99.771 

.15250771402 

.14225001-01 

.3308403 

.161738402 

99.723 

.16182008402 

-.70090001-02 

.3708403 

.  193108402 

99.897 

.19538481402 

-.28488001-01 

.0121403 

.234308402 

99.787 

.23494338402 

-.44332001-01 

.6421403 

.266803*2 

99.625 

.26600268402 

.49738001-01 

.6761403 

.304031402 

99.832 

.30411338402 

-.63330008-02 

V 


i 
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A-3  APFLICATIOH  OF  f(Z)  TO  THE  DETEKHIHATIOH  OF  GEO POTENTIAL  FOR  Z  -  90  km 

The  function  f(Z)  when  used  In  Equation  (A- 2)  provides  the  arena  for 
computing  the  value  of  H^2/8  for  specified  values  of  Z.  An  evaluation  of 
Equation  (A-4)  for  Z  ■  90  km  shows  f(Z)  to  be  0.201  a  when  the  coefficient  A 
is  taken  to  be  sero.  The  corresponding  value  of  H  iron  Equation  (A-2)  is 
found  to  be  88743, 335  a  .  This  value  should  be  a  close  approximation  to  that 
value  of  geopotential  at  ahich  the  defining  temperature-altitude  profiles  of 
the  U.S.  Standard  Ataosphere  1962  are  switched  froa  being  linear  in  teres  of 
peopotantlal,  in  the  lower  reglae,  «o  being  linear  in  tarns  of  ga metric 
altitude  in  the  upper  regias.  The  calculation  of  the  pressure  for  this  trans¬ 
ition  altitude  is  considered  under  the  discussion  related  to  pressures  at 
critical  altitudes  at  90  and  below  90  km  In  the  next  section. 

Application  of  f(Z)  Data  to  the  Datami nation* 
of  an  Expression  for  Z  versus  H 


The  calculation  of  geoaetric  altitude  in  terms  of  integral  aultiples  of 
one  geopotential  kilometer  for  the  required  tables  for  the  upper  regisa  of 
the  Standard  Ataosphere  say  not  be  sade  by  means  of  Equation  (A-2),  involving 
the  functional  expression  for  f(Z),  without  an  undesirable  iteration  process. 
If  Equation  (A-2)  is  solved  for  Z  without  considering  f(Z)  explicitly  in 
terns  of  Z,  one  obtains 


A  * 


.  rtB  +  tail 

r  -  [  H  +  f  (l)  ] 


(A-5) 


Since  f(Z)  represents  a  set  of  values  associated  with  a  specific  set  of 
geometric  altitudes,  it  is  apparent  that  this  saae  set  of  values  ray  become 
f(H)  by  being  associated  with  a  corresponding  specific  set  cf  geopotentials, 
related  tt  the  geometric  altitude  through  Equation  (A-2).  With  this  trans¬ 
formation  of  f(Z)  to  f(B),  Equation  (A-5)  became* 


62/8  r  -  [H  +  f (H) ) 


(A-4) 


The  function  f(H)  is  foul'd  from  the  seme  basic  graphical  data  employed  in 
finding  f(Z).  In  this  case  the  value  -0.342  mf,  for  example,  previouely 
associated  with  112,000  geometric  meters  in  Table  A-5  is  now  aesot iat-d  with 
<10,060.488  geopotential  meters,  l.e.. 


-  0.342  -  110060.83  -  0.342  -  110,060.485  n' 

Similar  relationships  apply  for  each  of  the  other  data  points,  tt-ese  re¬ 
vised  data  points  presented  in  Table  A-6  yield  a  new  polynomial  fit, 

f(B)  •  AA  +  ASH  ■*-  ACH2  +  AW  3  ♦  AFH^  ,  (A-7) 

w . 

The  development  of  Equations  (A-5)  through  (A-6)  and  tfaa  Table  A-6  form  the  basis 
for  the  geopotential  tables  included  in  the  United  States  Staodard  Atmosphere 
Supplements,  1966  (kef.  A-3). 


TABLE  A-fe 

GRAPHICALLY  DETERMINED  ESTIMATES  OF  fx(H) 
COMPARED  WITH  PCLYNOMIALLY  DETERMINED  VALUES  OF  f^H) 


Geopotential 

km 

Graphical 
Estimates 
of  f, vH) ,m 

4 

Percentage 
Degree  of 
Csrtainty 

Functional 
Value  of 
fjOl),® 

Graphical  Value 
Minus  Functional 
Value  ,m 

. OOOOOOOE- 50 

.00000E-50 

100.000 

.2579651E-02 

-.2579651E-02 

•4369749E402 

.42000E-01 

90.576 

.4386026F-01 

- . 1860263E-02 

.7119349E402 

. 13000E400 

96.923 

. 12620C9E400 

. 3799100E-02 

. 1100604E403 

.342008400 

96  830 

.3441282E400 

- . 2128220E-02 

.I598744E+03 

, 86200E400 

97.680 

.8A82695E4C0 

. 1373044E-01 

.1967164E403 

.145005401 

98.620 

.  142462  2E401 

.  253779OE-0J 

.20796442+03 

. 16450E401 

98.480 

.  1640626E401 

.4373300E-02 

.21730642403 

.182102401 

98.050 

.  1835452E401 

- . L445220E-01 

. 23590 54K403 

. 22550E401 

99.334 

.2267215E401 

-.12215305-01 

.24793442401 

.25700K401 

99.222 

.2579188E401 

- . 9188600E-02 

.2553134F403 

27750E401 

99.097 

.2783888E401 

-.8888100E-02 

•  2617.K54E403 

.295505401 

98.815 

.2971135F401 

- .  1613520E-01 

.35142742403 

.65100E401 

99.538 

.6505996E4O1 

.4003100E-02 

.42546742403 

. 11G10E402 

99.728 

. 1097266E402 

.3733800E-01 

.45146943403 

. 12925E402 

99.652 

. 1293344E402 

- .8443000E-02 

.4566424E403 

. 133602402 

99.776 

.  133499  7E402 

. 1002700E-01 

.47895442-^3 

. 15265E402 

99.771 

. 1525125E402 

.  1374500E-01 

.489 1954 £403 

.161752402 

95.725 

. 1618248E402 

- .  7483000E-02 

.5230754F403 

.  19510E402 

99.857 

.19538 78 E402 

-.2878400E-01 

. 5582304E403 

.234503402 

99.787 

. 2349426E402 

-  .4426000E-01 

.5330824E403 

.26650E402 

99.625 

.2659992E402 

. 5007600E-01 

.610S914E403 

. 30405E402 

99.852 

. 304 .G92E402 

- . 5925000E-C2 

where  £(H)  Is  expressed  as  m' 


AA  -  0.2579651  x  10  m 
AS  -  0.2161710  x  10"7  j'/»' 

AC  -  0.1807561  x  10-10  m'/(n')2 
AD  -  0.9153012  x  10"16  m'/(a')3 
AE  »  0.2006785  x  10"22  ■'/<■' )4 

and  where  H  is  the  altitude  in  geopotantlal  aeters.  If  H  is  to  be  expressed 
in  kiloaetersj  the  vclu/29  of  the  various  coefficients  oust  be  aatltlplled  by 
(10  )*  (n  /kn  )x  where  x  is  the  power  to  which  H  is  raised  in  diet  tern  to 
which  the  coefficient  applies. 

Equation  (A-7)  introduced  into  Equation  (A-6)  now  yields  values  of  Z  for 
integral  values  of  H  in  substantial  agreeaant  with  the  related  values  tabulated 
in  the  O.S.  Standard  Atmosphere  1962.  The  application  of  this  equation  to  the 
expansion  of  the  Standard  Atmosphere  above  90  lu>  is  considered  In  the  aein 
body  of  this  report. 


APPENDIX  8 


DIMENSION  G( 7 ) »A( 7 


FMOR*3.483676E-03 


AA-0. 

AB  — .  21617 10F.-07 
AC". 180756  IE-10 
AD-.9153012E-16 
AE-.200678SE-22 


TMR( 1 )«160«65 
TMR(2)>210.63 
TMR ( 3 ) "260»65 
THRU)  "360,63 


D(  1 )  "3. 170E-06 
D(2)"4,974E-07 

D(3)"9.S29E-Q# 
0(  4 } ■2.436C-08 


PROGRAM  FOR  COMPUTING  1962  ST AND A RD- ATMOSPHERE 
VALUES  OF  PRESSURE.  TEMPERATURE. temperature 
GRADIENT.  AND  DENSITY  AS  A  FUNCTION  OF  INTEGRAL 
MULTIPLES  OF  ONE  THOUSAND  GEOPOTENIAL  METERS* 

FROM  90.000  TO  120.000  GEOPOTENTIAL  METERS.  AND 
AS  A  FUNCTION  OF  INTEGRAL  MULTIPLES  OF  9000 
GEOPOTENTIAL  FEET.  FROM  293000  TO  *6#0f» 
GEOPOTENTIAL  FEET.  PRESSURE  IS  COMPUTE!!  rts 
MILLIBARS  IN  BOTH  THE  METRIC  AND  ENGLISH  TABLES. 
WHILE  TEMPERATURE.  TEMPERATURE  GRADIENT.  AND 
DEN1S1TY  ARE  COMPUTED  IN  TERMS  OF  DEGREES  KELVIN* 
DEGREES  KELVIN  PER  METER.  AND  KILOGRAMS  PER  CUBIC 
METER  RESPECTIVELY  IN  THE  METRIC  TABLES*  BUT  IN 
TERMS  OF  DEGREES  RANKIN.  DEGREES  RANK  I N  PER  FOOT. 
ANO  POUNDS  PER  CUBIC  FOOT  RESPECTIVELY  IN  THE 
ENGLISH  TABLES.  PROGRAM  ORIGINALLY  MR! TEN  BY 
MRS  MELLO.  REVIEWED  ANO  COMMENTED  BY  R.A*  MIN2MER 
NOVEMBER  1966. 

)*TMR(4> .FL(4)»D(4).P(4) 

THE  QUOTIENT  OF  THE  SEA-LEVEL  VALUE  OF  THE 
MOLECULAR  WEIGHT  DlVlDlED  BY  THE  UNIVERSAL  GAS 
CONSTANT  IS  DESIGNATED  FMOR. 

THE  QUANTITIES  AA.AB.AC.  AD  AND  AE  ARE  THE 
COEFFICIENTS  OF  THE  POLYNOMIAL  DEFINING  FX*  THE 
CORRECTION  TERM  IN  THE  EXPRESSION  FOR  CONVERTING 
GEOPOTENTIAL  TO  GEOMETRIC  ALTITUDE. 


THRU)  THROUGH  THRU)  ARE  THE  DEFINED  VALUES  OF  TME 
MOLECULAR  SCALE  TEMPERATURE  (DEGREES  KELVIN)  AT 
90.100.110  ANO  120  GEOMETRIC  KILOMETERS  ALTITUDE. 


0(1)  THROUGH  DI4 )  ARE  THE  PUBLl  -*HEO  STANDARD- 
ATMOSPHERE  VALUES  OF  DENSITY  Ufe  PER  CUBIC  NETERIAT 
90.  100.110  AND  120  K1L0NETERS  (THESE  VALUES 
APPEAR  NOT  TO  BE  USED  IN  THIS  MtOGNAM). 


FLU)  THROUGH  FL(4 1  ARE  THE  DEFINED  VALUES  OF  THE 
DERIVATIVE  OF  TM  WITH  RESPECT  TO  l  (DEGREES 
KELVIN  PER  METER)  FOR  THE  FOUR  LAYERS  WHOSE  BASES 
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APPENDIX  B  CONTINUED 


C 


C 

C 

C 


ARE  90*  100*  U0  AND  120  KM* 

$M#»»10«C-09 

#iMt*20.E-©s 

P(l)  THROUGH  P|4)  ARE  THE  MILLIBAR  PRESSURES  AT 
ALTITUDES  90,  100,  110  AND  120  KILOMETERS. 

FOt«i«B49B£-o* 

*42»***B07»C-04 

Pf»»*7*t»44t-0S 

Pt4l*2.§217E-05 

GUI  THROUGH  GI7)  ARE  THE  COEFFICIENTS  OF  THE 
LAMBERT  EQUATION  FOR  EXPRESSING  THE  VARITION  OF  THE 
ACCELERATION  OF  GRAVITY  WITH  GEOMETRIC  HEIGHT  Z 
AT  ABOUT  45  DEGREES  LATITUDE. 

BU)«*.80**5 

Bl2)—3.0834195E-06 

6f$)»?.2S39455£~13 

<M41«-l#»t47?71E-19 

«C SI *2.97246 20E-26 

B4B»v«9*590»9S*E-S3 

•<7>»i*0219762€-99 

IP  I  SENSE  SNiTCH  1)19*20 

HF  IS  THE  HEIGHT  IN  GEOPOTENTIAL  FEET  OF  THE 
INITIAL  ENTRY  IN  THE  ENGLISH  TABLES. 

HP *295000. 

H»69916  IS  THE  HEIGHT  IN  GEOPOTENTIAL  METERS 
EQUAL  TO  295,000  GEOPOTENTIAL  FEET  IEXACT). 

20  M*89914. 

GO  TO  21 

H-90.E+03  IS  THE  HEIGHT  IN  GEOPEN  1 1  A',  METERS  OF 
THE  INITIAL  ENTRY  IN  THE  METRIC  TABLES. 

19  H«90*£«>03 

R  IS  THE  EFFECTIVE  EARTH  RADIUS  (FOR  PURPOSES  OF 
RELATING  GEOMETRIC  HEIGHT  AND  GEOPOTENTIAL  >  AT  45 
DEGREES  32  MINUTES  AND  33  SECONDS  LATITUDE. 

21  R»*356.76*E+03 
BEGIN  TRACE 


FX  IS  THE  CORRECTION  TERM  IN  THE  H  TO  I  CONVERSION. 
11  PX»AA4AB«H*AC«M**24>AD4H*«34AE*H**4 

THE  NEXT  EXPRESSION  CONVERTS  GEOPOTENTIAL  H  TO 
GOEMETRIC  HEIGHT  Z. 

Z«*#(M4FX>/<R~CM*fXII 

THE  NEXT  14  STATEMENTS  INVOLVE  THE  SETTING  OF 
INDICES  FOR  THE  FOUR  LAYERS  AND  FOUR  REFERENCE 
LEVELS  OF  THE  CALCULATIONS. 

IFIZ-I0C.E+03I2.3.4 
2  K*I 

2R»90.E*03 
BO  TO  5 


/ 
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APPENDIX  B  CONTINUED 


3  K*2 

zr*iqo.e*03 
GO  TO  3 

A  IF  (Z-110.E*03  >3*6*7 

6  K*3 

ZR-110.E+03 
GO  TO  3 

7  IF (Z-120.E+03)  6.28,23 
28  K*4 

ZR-120.E+03 

THE  NEXT  23  STATEMENTS  DEAL  WITH  THE  CALCULATION  OF 
PRESS# THE  PRESSURE  IN  MILLIBARS#  IK  ACCORDANCE 
WITH  THE  CONNECTED  VERSION  OF  EQUATION  27  OF 
CHAMPION  AND  MlNZNER*  REV*  OF  GEOPHYSICS  1#P57»19S3 

3  SUMAO-O. 

SL*MA1«0* 

SUM*0* 

DO  8  1*1*7 

A<  1 l*C  TMR( K I /FL(  K )-ZR> **< I —1 1 

8  $UMAO*SUMAO+(-l* I**fl-1)*G(II*A(I! 

00  9  L-1.6 

GL»L 

DO  10  I*L*6 

N*I«L 

N-I-L+l 

10  SUN-SUM+(-l.l**(MI*G( I*1I*A(NI 
SHEL-Z**L-ZR*«L 
SHEL*SHFL/GL*SUM 
SUMA1-SUMA1+SNEL 

9  SUM-0. 

$H£*-SUMAO*(FMOR/FL(Kl  I 
SHElL-SUMAl*FMOR/FL IK) 

PRESS*  TMR  C  X i ♦FL I K I * ( Z-ZR I 
PNESS*PRESS/TMR(K) 

PNESS-PNE5S**SHE 

PNESS*PRESS*P(X) 

PNESS»PRESS*EXP I -SHE  I L » 

THE  NEXT  STATEMENT  EXPRESSES  THE  MOLECULAR  SCALE 
TEMPERATURE  TM  AT  ALTITUDE  Z  WITHIN  ANY  LAYER  X* 

TM*TMR<K)+FL<fct**Z-ZR> 

THE  NEXT  STATEMENT  EXPRESSES  THE  DENSITY  IN  KG.  PEN 
CUBIC  METER  IN  TERMS  OF  TM  AND  PRESS  USING  THE 
GAS  LAW.  THE  FACTOR  l.E+02  IS  REQUIRED  TO  CONVERT 
MILLIBAR  PRESSURES  TO  NEWTONS  PER  SQUARE  METER*  THE 
PROPER  UNITS  OF  PRCSSUNE  IN  THE  MKS  SYSTEM  OF  UMITS 
OEMS *PRfSS /TM*F MON* 1 #f*02 
IF (SENSE  SWITCH  1  122*23 

THE  NEXT  STATEMENT  CONVERTS  TM  IN  DEGREES  K  TO  TMD 
IN  DCGNEES  RANKIN. 

23  TMD*l.f*TM 
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APPENDIX  B  CONCLUDED 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 


c 

c 

c 

c 


c 

c 

c 


THE  NEXT  STATEMENT  CONVERTS  DENSITY  IN  KILOGRAMS 
-  PER  OJSIC  METER  TO  POUNDS  PER  CUBIC  FOOT. 

OEMS  •6tNS**.242?97ff-02 

THE  NEXT  STATEMENT  ROUNDS  THE  QUANTITY  TO  TWO 
*■  DECIMAL  places. 

TMO«f$*»«OOS 

THE  NEXT  STATEMENT  CONVERTS  Z  IN  METERS  TO  ZF  IN¬ 
FECT. 

zr -matt*  3*9 

THE  NEXT  STATEMENT  ROUNDS  THE  QUANTITY  TO  TWO 
DECIMAL  PLACES. 

£P«KF4*00» 

THE  NEXT  STATEMENT  CONVERTS  TM  IN  DEGREES  KELVIN  TO 
TMC  IN  DEGREES  CELC1US. 

T*C«ftt~m.l9 

THE  NEXT  STATEMENT  ROUNDS  THE  QUANTITY  TO  TWO 

decimal  places. 

TMC«TMC*«OOS 

THE  NEXT  STATEMENT  CONVERTS  FL  IN  DEGREES  KELVIN 
PER  METER  TO  RL  IN  DEGREES  RANKIN  PER  FOOT. 

RL«FL(K1*.54S*4 

THE  NEXT  STATEMENT  IS  THE  PUNCH  STATEMENT  FOR  THE 
ENGLISH  TABLES. 

PUNCH  101 .HF.ZF.nl .TMD* TMC .PRESS .DENS 

K  TO  19 

THE  NEXT  TWO  STATEMENTS  ROUND  THE  RESPECTIVE 
QUANTITIES  TO  TWO  DECIMAL  PLACES.  WHERE  FZ  IS  THE 
ROUNDED  VALUE  OF  Z  IN  METRIC  UNITS. 

22  TM-TM4.005 
FZ  •£♦*009 

THE  NEXT  STATEMENT  IS  THE  PUNCH  STATEMENT  FOR  THE 
METRIC  TABLES. 

PUNCH  IOO.H.FZ.FLIKI.TM.PRESS.DENS 

THE  NEXT  8  STATEMENTS  SET  THE  INCREMENTS  OF  BOTH 
THE  METRIC  AND  ENGLISH  TABLES. 

24  IF  I  SENSE  SWITCH  1)12.19 

12  IF (M"»120.£+03)  14.19.15 

15  PAUSE 

GO  TO  IB 
14  H«H*1.£409 
GO  TO  11 

13  IF (Z~120.€+09) 16.17.17 

16  HF-HP+S.E+09 

THE  NEXT  STATEMENT  CONVERTS  HF  GEOPOTENTIAL  HEIGHT 
IN  FEET  TO  GEOPOTENTIAL  HEIGHT  IN  METERS  PRIOR  TO 
CALCULATING  THE  THERMOOYNAMIC  PROPERTIES  FOR  HF. 

H-.5048«HF 


GO  TO  11 

100  F0NMAT(2F1 1.2.F6.9.F8.2.E12.S.E11.4) 

101  F0NMAT12F1 1.2 *F 10.7 .2FS.2 .112 .5.E1 1.4) 
END  TRACE 

END 
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UNCLASSIFIED 
rwSiy  Cioactficuies 


•eCUMMT  CBNTML  DATA  UC 

(Secmnty  claMiufu  aUon  of  Ml*,,  body  of  ibteroct  o*4  indent^  annotation  m**i  6r  entered  who*  the  o%ermU  report  i«  ciauiftedj 


t.  OA*#HtATm4  ACTIVITY  (C 0 mfr*}  1  iA  WO*T  MCUftfTV  CLAMtflCATION 

GCA  CORPORATION  I  UNCLASSIFIED 

OCA  TECHNOLOGY  DIVISION 
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The  "United  States  Standard  Atmosphere,  1962,"  was  published  with  two  kinds 
>f  metric-unit  tables  for  the  altitude  interval  fro*  -5000  to  90,000  aeters. 

In*  kind  of  table  presented  the  atnosphcric  properties  as  a  function  of  lnte- 
[ral  multiples  of  particular  numbers  of  geopotential  meters  while  the  second 
•resented  the  atmospheric  properties  as  a  function  of  integral  multiples  of 
wnllar  numbers  of  geometric  meters.  For  the  region  above  90,000  aeters,  altl- 
ude  only  one  type  of  metric  table  mas  published.  This  type  presented  atmos¬ 
pheric  properties  in  integral  aultiples  of  particular  numbers  of  geometric  mete 
mters.  A  similar  situation  prevailed  for  the  English-unit  tables.  The  need 
or  both  metric-unit  and  Bagiish-unit  tables  as  a  function  of  integral  multiple 
>f  specific  numbers  of  geopotential  maters  for  altitudes  above  90  kilometers 
as  prompted  a  new  set  of  calculations,  which  required  the  use  of  equations  not 
pacifically  presented  in  the  United  States  Standard  Atmosphere,  1962.  The 
eve lopment  of  these  equations  is  discussed  sad  tht  vslus  of  sll  constants 
mployed  are  given.  The  calculations  involve  a  transformation  between  geopo- 
ential  and  geometric  altitude,  and  tht  dtwlopamnt  of  an  empirical  analytical 
xpression  relating  theae  quantities  is  presented.  This  empirical  functior 
ields  results  tdtich  diffsr  by  less  than  0*1  mater  at  700  km  altitude,  from 
hose  computed  in  an  unspecified  manner  for  the  United  States  Standard  Atmos - 
hers,  1962. 
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